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CHAPTER 5. POTENTIAL FOR HUMAN EXPOSURE

5.1 OVERVIEW

HCH isomers have been identified in at least 312 of the h888rdous waste sites that have been
proposed for inclusion on the EPA National Priorities List (NPL) (ATSDR 2022). However, the number
of sites in which HCH isomeifsave been evaluated is not known. The number of sites in each state is
shown inFigure5-1. Of these sites, 308 are located within the United Statedpdated in the Virgin

Islands, 1 is in Guam, and 2 are in Puerto Rico (not shown).

Figure 5-1. Number of NPL Sites with Hexachlorocyclohexane Contamination

x S5HUVWUDWLRQV RI1 -HCH agricultural products have been cancelled since 2006, significant
reducing most consumer exposure rout€se primary route of exposure is throwdgrmal
contact from medicinal use. One perceftCH shampoos or lotions are registered with the
FDA and are used for prescription treatment of lice and scabies.

X Individuals who are at risk of higher exposures to -H@Hude those who live near
contaminated sites and anyone who impriypeses -HCH prescription medications .
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Historically, HCH has been released to the environment during its formulation process and
through its useHCH isomers are persistent and have been recently detected in air, water, and
soil. The general public may be exposed to low levels of HCH through inhalation of
contaminated ambient air, consumption of contaminated drinking waiacidental ingestion of

or dermal contact with contaminated soils. HCH has not been found to be a major contaminant of
drinking water supplies.

Once released to the environment, HCH can partition to all environmental riglican exist

in the vapor and particulate phase in the atmosphé¢@H can volatilize from soils but is not
expected to volatilize significantly from water. HCH has low to moderate mobility in soils and
may leach to groundwateHCH has low to moderate potential to bioaccumulate and has been
detected in aquatic organisms in the United States.

HCH has a long atmospheric lifetime but can be removed by photodegradation with hydroxyl
radicals or wet and dry depositionioBegradation is believed to be the dominant decomposition
process for HCH in soil and water, although hydrolysis and photolysis may occur to a lesser
extent The rates of degradation depend on the ambient environmental conditions.

5.2 PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL

521

Production

Table5-1 summarizes information on companies that reported the production, import, or td€Hif

for the Toxics Release Inventory (TRI) in 2021 (TRI21 2022pst of the uses by these facilities are

considered to bancillary, indicating purposes other than chemical processing or manufacturing.

Examples of ancillary uses as defined under TRI include cleaners, degreasers, lubricants, fuels, and waste

treatment uses. TRI data should be used with caution since only certain types of industrial facilities are

required to report. This is not an exhaustive list.

Table 5-1. Facilities that Produce, Process, or Use y-Hexachlorocyclohexane

Minimum amount on Maximum amount on

State? Number of facilities  site in pounds® site in pounds® Activities and uses®
AR 1 1,000 9,999 9,12

NE 1 10,000 99,999 9,12

OH 2 1,000 99,999 12
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Table 5-1. Facilities that Produce, Process, or Use y-Hexachlorocyclohexane

Minimum amount on Maximum amount on

State? Number of facilities  site in pounds® site in pounds® Activities and uses®
TX 2 1,000 99,999 9,12
uT 1 10,000 99,999 9,12

apost office state abbreviations used.
bAmounts on site reported by facilities in each state.

CActivities/Uses:

1. Produce 6. Reactant 11. Manufacture Aid

2. Import 7. Formulation Component 12. Ancillary

3. Used Processing 8. Article Component 13. Manufacture Impurity
4. Sale/Distribution 9. Repackaging 14. Process Impurity

5. Byproduct 10. Chemical Processing Aid

Source: TRI21 2022 (Data are from 2021)

HCH does not occur as a natural substance. The manufactuteghnical-grade HCH involves the
SKRWRFKORULQDWLRQ RI EHQJHQH ZKLFK ‘b EO®@GV+R® LWRHRHULF PL
-+ &+ -HICH, and inerts (IARC 1979); this reaction can be started by free-radical initiators such as

visual or ultraviolet light, XUD\V R U -rays (Kirk and @5)mdreatment with methanol or acetic

DFLG IROORZHG E\ IUDFWLRQDO FU\VWDOOL]DWLRQ FRQFHQWUDW
J U D G HH@HMI(IARC 1979); nitric acid is used to remove oddt M 2021). None of the isomers or

technicaF- JUDGH +&+ DUH FXUUHQWO\ SURGXFHG LQ WKH 8QLWHG 6WDYV
2.27x16 g in 1976 NLM 2021 FRPPHUFLDO -HCH production in the United States reportedly ended
that year (EPA 1989a

-HCH was available in emulsifiable and flowable concentrates, soluble concentrates/liquids, wettable

powders, dusts, readyg-use liquids, pressurized liquids and impregnated materials, oil base and aerosol
spraysand granules,aswebV D VPRNH JHQHUDWRU %HUJ (3% D -HCH
or in combination with fungicides, fertilizers, other insecticides, or wood preservatives (Hayes 1982).

5.2.2 Import/Export
EXUUHQW GDWD RQ WKH L RoSIBddted DRWAHRWASs Rdt intl@ded/arémport/export

information submitted by manufacturers under EPA’s Chemical Data Reporting (CDR) database in the
2020(covering 20162019 reporting cycle (EPA 2022a The eporting threshold as2,500pounds
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+HCH historically was imported from France, Germany, Spain, Japan, and China (EPA 1985a)
CXUUHQWO\ ,QGLD LV WKH RQO\ FRXQWU\ ZKHUH -HCH is reportedly producec
supplier to the United States (Vijgen et al. 2011). TKH 8 6 LPSRUWV RI -HCH tkglined from 1.52;
in 1977 to 8.53x10kg in 1982 NLM 2021). In 2002, it was estimated that 90 metric tons (9.0kap

R I-HCH were imported into the United States (Hauzenberger et al. 2002). Up until 2001, it was

estimated that 50 HW U L F W R @aht&tringlg€siicide products were exported annually by the

United States (primarily to Canada) (Hauzenberger et al. 2002). That export volume dropped to 25 metric

tons in 2001 and continued to decline significantly as other couatriethe United States ceased the

XV D J HH®H containing pesticides.

5.2.3 Use

-HCH was initially registered by the U.S. Department of Agricul{it8DA) in the 1940s and over the
years, was approved for use on a wide variety of fruit and vegetable crops (including seed treatment),
tobacco, greenhouse vegetables and ornamentals, forestry (including Christmas tree plantations), farm
animal premises, andhar uses. In February 1977, EPA issued a notice of Rebuttal Presumption Against
Registration (RPAR), now called a Special Review, and continued registration of pesticide products
coOQWDLQRKB®I (3% WRRN WKLY DFWLRQ LQ UHVSRQVH WR LQGLFDWLR
effect, possible developmental and reproductive effects, possible blood dyscrasias, and delayed toxic
effects, as well as its acute toxic effects seen in aquatic wildlife (JARC 1979). In October of 1983, EPA

issued a “Notice of I WHQW WR &DQFHO 3HVWLFLGH 3URGXFWY &RQWDLQLQJ
developmental and reproductive effects were successfully challenged by industry. EPA no longer permi

WKH XVH RI -HCH for purposes involving direct aerial application (EPA 1985b). The notice restricted
FHUWDLQ DSSOLFDWLRQV RI1 -HCH on livestock, structures, and domestic pets to certified a
persons under their direct supervision (EPA 1985b). In November 1993, EPA isdNmiita bf Receipt
of a Request for Amendments to Delete UseRU VHYHUDO IRUPXODWLRQV RI -HCH powdel
technical-grade HCH, and dust concentrate, which would delete from the pesticide label most uses of

-HCH for agricultural crops and use on animals and humans (EPA 1993). According to the EPA’s last
5HIJLVWUDWLRQ (OLJLELOLW\ '"HFLVLRQ 5¢(' WKH ODVW DSSURYHG
re-registration was seed treatment on barley, corn, oats, rye, sorghum, and wheat (EPA 2002). Since the
1998 and 1999 use deletions, the registrants were no longer interested in supporting the seed treatment
use on broccoli, Brussel sprouts, celery, cabbage, cauliflower, collards, kale, kohlrabi, mustard greens,
lettuce, radishes, spinach, 8wiss Chard (EPA 2002). Based on EPA estimates from 1996 to 2001,

DERXW S RIKIDWEXE Wséd annually as a seed treatment (EPA 2002). In August 2006,
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EPA issued “Notice of Receipt of Requests to Voluntarily Cancel Lindane Pesticide Registrations,”
ZKLFK ZRXO0OG HHEHMKIdeXtkertmrts, and notice of final orders of cancellation was
issued in December of 2006 (EPA 2008@06b).

-HCH is available and regulated by the FDA, for the pharmaceutical treatment of scabies and head lice

(3% $ -HCH lotion is available for the treatment of scabies, and a 1% shampoo is available
for the treatment of head lice; both are presiznipuse only. Both uses have been on the market since
1947, but they were labeled as a second line therapy in 1995 after a review by the FDA. The FDA has
LVVXHG UHYLVHG ODEHOV IRU -+&+ ORWLRQ DQG -HCH shampoo to be
children, and the elderly or anyone who weighs idinds (5&g), and people with other skin
conditions (FDA 2015) The products are contraindicated in premature infants and people with disorders
that cause seizures (FDA 2013)Q WKH SDVW -HCH was used in veterinary products to control mites a
other pests, but recent data suggest that no products are currently registered in the United States for this

use (Hauzenberger et al. 2002).

5.2.4 Disposal

HCHiis listed as a toxic substance under Section 313 of the Emergency Planning and Community Right to
Know Act (EPCRA) under Title Il of the Superfund Amendments and Reauthorization Act (SARA)

(EPA20209. Disposal of wastes containing H@$Hcontrolled by a number of federal regulations.

7KH UHFRPPHQGHG GLVSRNiDiOcivwrHtier e ud06ie R WKH SUHVHQFH RI D
catalytic mixture of 510% metal chloride (copper, iron, zinc, or aluminum) on activated carbon (EPA

1975) Residence times based on this method were not repotiber effective waste disposal methods

include treatment with strongly alkaline solution or oxidation. In a laboratbolyD OH VW X G\ -HCH
was removed after@5-hour treatment at pH 11.5 (EPA 1975¢HCH can be effectively oxidized by

ozone and somewhat effectively oxidized by potassium permanganate; oxidation with chlorine or

hydrogen peroxide was ineffective (EPA 197BPA standard treatment for hazardous wastes containing

.- - - and -HCHis through either incineration or removal from liquid wastes by adsorption, prior to

land disposalEPA 2014).

While current disposal techniques may be adequate, chemical and biological degradttamamay
provide increased efficiency and quality of disposal at a greatly reducedSawse methods utilize

various absorbents, which can be natural (exicdltural solid wastes, biomass) or engineered materials
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(e.g.,nanomaterials, activated carbon absorbents), to remove pesticides from wastewater prior to
treatment of the absorbent solid waste via microbial degradation or incineration (Saleh et al. 2020).
Microbial strains enriched from HCEbntaminated media can be employed for direct treatment of
wastewater. One laboratesgale study was able to degrade HCH in wastewater with a consortium of
Pseudomonas, Burkholderia, Flavobacterium, and Vibriomicrobial straingSaleh et al. 2020). Another
method successfully degraded -H@H UV-Fenton treatment (Saleh et al. 2020). This process is cost
effective, around $28.70 per kilogram of contaminants treated, and has shown a 90% chemical oxygen

demand COD) reductionin studies with other organochlorine pesticides.

It's unclear how frequently chemical or biological degradation methods are employed, but there are clear
benefits of these disposal techniques. They can beffestive, reliable, and can be adapted to the

variety of disposal challenges presented by the multitude of pesticides that are currently used. The use of
microbial consortia ensures that each pesticide will be degraded rapidigeniéthodscan also be used

for pesticide mixtures (Saleh et al. 2020

5.3 RELEASES TO THE ENVIRONMENT

The Toxics Release Inventory (TRI) data should be used with caution because only certain types of

facilities are required to report (EPA 2@2 This is not an exhaustive list. Manufacturing and
SURFHVVLQJ IDFLOLWLHY DUH UHTXLUHG WR UHSRUW LQIRUPDWLR
employees; if their facility's North American Industry Classification System (NAICS) codes is covered

under EPCRA Section 313 or is a federal facility; and if their facility manufactures (defined to include

importing) or processes any TRI chemical in excess of 25000ds, or otherwise uses any TRI

chemical in excess of 10,000 pounds, in a calendar year (EPA)2022

5.3.1 Air

Estimated releases of 186unds (0.086 PHWULF WRQV RI -HCH to the dimmaspicere from 7
manufacturing and processing facilities in 2@2tounted for about 69%6 the estimated total
environmental releases from facilities required to report to the TRREIZ2). These releases are

summarized in Table 5-2
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Table 5-2. Releases to the Environment from Facilities that Produce, Process, or
Use y-Hexachlorocyclohexane @

Reported amounts released in pounds per year®
Total release

State¢ RFY Aire Waterf ule Land" Other' On-sitel Off-sitek  On- and off-site
y-HCH

AR 1 0 0 0 35 0 0 35 35

NE 1 180 0 0 20 0 180 20 200

OH 2 0 0 0 1 0 0 1 1

X 2 8 0 0 0 0 8 0 8

uT 1 0 0 0 0 28 0 28 28

Total 7 189 0 0 56 28 189 84 273

aThe TRI data should be used with caution since only certain types of facilities are required to report. This is not an
exhaustive list. Data are rounded to nearest whole number.

bData in TRI are maximum amounts released by each facility.

¢Post office state abbreviations are used.

dNumber of reporting facilities.

®The sum of fugitive and point source releases are included in releases to air by a given facility.

fSurface water discharges, wastewater treatment-(metals only), and publicly owned treatment works (POTWS) (metal
and metal compounds).

9Class | wells, Class II-V wells, and underground injection.

hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other onsite landfills, land treatment, surface
impoundments, other land disposal, other landfills.

iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for
disposal, unknown.

IThe sum of all releases of the chemical to air, land, water, and underground injection wells.

kTotal amount of chemical transferred off-site, including to POTWs.

RF = reporting facilities; Ul = underground injection

Source: TRI21 2022 (Data are from 2021)

All isomers of HCH are considered hazardous air pollutants (HAPs) known to cause or suspected of
causing cancer or other serious human health effects or harmful environmental effects (E&£a2020
regulated under the Clean Air ACEPA's National Emission Inventory (NEI) database contains
comprehensive and detailed estimates regarding sectors part of the emissions inventory system (EIS)
which emit criteria air pollutants and HAPs for the 50 United States, WashingtonPD&Zto Rico, and

the U.S. Virginislands. The NEI database includes point and4pmint source emissions, onroad

sources, nomoad sources, and event sources such as emissions from wildfires or prescribed burning
AFFRUGLQJ WR GDWD IURP WK HHCH werg, released fsorXv@ste dispdsal,
industrial solvent use, industrial processes, and fuel combustion (EPA)20ltkese data are

summarized in Table 5-3
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Table 5-3. y-HCH Emissions as Reported by the 2017 National Emission Inventory

Release sector Emissions (pounds)
Waste disposal 54.607700078
Solvent; industrial surface coating and solvent use 5.91946

Industrial processes; ferrous metals 1.819

Industrial processes; NEC 0.04

Fuel combustion; commercial/institutional oil 0.01

NEC = not elsewhere classified

Source: EPA 2020b

+LVWRULFDOO\ WKH ODUJHVW VRXUFH RI1 -HCH releases to the air resulted from a
-HCH, from aerial pesticide application or wind erosion of contaminated seH&CH may have also

been released to the atmosphere via volatilization from treated agricultural soils and plant foliage (Lewis

DQG /HH (YDSRUDWLYH ORVV RI1 -HCH from water is not considered a significant
D W P RV SHGHUWedase of its relatively high water solubility (Mackay and Leinonen 1975).

Quantitative historical estimatHV R1 WKH DPRXQW RI1 -HCH released from these sources were nc
the literature. HULDO DSSOLFDWLRQV R1 -HCH were prohibited in the United States as its use
was continuously restricted and eventually prohibited (EPA 198H)§a 2006b), and atmospheric

releases from agricultural sources today are not expected.
5.3.2 Water

1R UHOHDVHV R -HCHdomesticfroamifacturing and processing facilities required to report
to the TRI were reported in 20 (TRI1212022). This estimate includes releases to wastewater treatment
and publicly owned treatment works (POTWSs) (ZRR022). These releases are summarized in
Table5-2

-HCH can be released to surface water via “ddlendrain” releases from consumer wag of
treatments for lice and scabies (EPA 200Bhese releases would be treated by wastewater treatment and
327:V ZKLFK GLG QRW UHSRUW UHOA D V#NH BHCHHOHcenthatioRs in 2
wastewater treated in Los Angeles County, California, have been reported to range fromts.6x10
003 J/ (3% +XPSKUH\V HW DO .-HCH was not detected in 165 wastewater a
wastewater treatment effluent samples collected between 2001 and 2010 (WQP 2021). One wastewater
VDPSOH FROOHFWHG LQ FRQWDLQHG J/ -+&+ :43 -HC



HEXACHLOROCYCLOHEXANE (HCH) 244

5. POTENTIAL FOR HUMAN EXPOSURE

24 wastewater samples collected between 2003 and 2009 (WQP 2021). Wastayaberanegligible

source of hexachlorocyclohexariessurface water and groundwater.

$IWHU VRLO RU DHULDO DSSOLFDWLRQ IRU DJULFXOWXUDO XVH -H
runoff (as the dissolved chemical or adsorbed to particulates) or via wet deposition of rain and snow

(Tanabe et al. 1982; Wheatley and Hardman 1965 /IDNH 2QWDULR UHFHLYHG NJ \HD
<2 NJ \HD-HCHR due to suspended sediment loading from the Niagara River between 1979 and 1981
(Kuntz and Warry 1983). Historically, the Great Lakes in general received303#ietric tons/year of

-~HCHand 3.7459 PHWULF WRQV \HDU R1 -HCH from atmospheric deposition of these contamil
(Eisenreich et al. 1981)BH F D XN is no longer allowed to be used for agricultural purposes, these

are not expected to be significant sources of releases today.

Further from agriculral areas, urban stormwater runoff has historically resulted in releases of HCH to

water in the range of parts per billion to parts per trillion. 1Q - D Q{BICH were detected in

samples of urban stormwater runoff from Denver, Colorado, and Washing@nab0.00270.1 and

0.0520.1 J / LQ DQG UHVSHFWLYHO\ R-HQHKuES detstRG®HY FROOHF
runoff from Washington, [C., in 5% of the samples at a concentration of 1/ &ROH HW DO . In

XUEDQ UXQRII VDPSOHV FROOHFWHG LQ WKH &DQDGLDQ *UHDW /DN
FRQFHQWUDWLRQV RI1 mg/kginithe &yQ@eGus and sediment portions, respectively; the

mean annual loading of the compound in runoff in the basin was reported to be 4.1 kg/year (Marsalek and

Schroeter 1988)SWRUPZDWHU VDPSOHY FROOHFWHG LQ MXVW DIWHU
showed concentrations between 6.0xa6d J /-HCH and 3.8x1d and J FHCH
(WQP2021).

-HCH could be released to groundwater via soil leachate after agricultural application or from improper
disposal at contaminated sitesYDLODEOH DGVRUSWLRQ GDWD LQGLFDWH WKDW
PRELOLW\ LQ VRLOV DQG WKH UHVXOWY RI PRQLWRULQJ VWXGLHYV
(Page 1981; Sandhu et al. 1978). Groundwater samples were collected from a pacichging
UHIRUPXODWLQJ SHVWLFLGH IDFLOLWCHvas)S R unlifgdtredckdsriktili K DG G L\
1996 GURXQG ZDWHU FRQFHQWUDWLRQV IRU WKHDWQBWH UDQJHG IURF
(Chartrand et al. 2015)
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5.3.3 Soil

Estimated releases of pounds (~0.02 PHWULF WRQV RI -H@Gbhesmlfranufacturing
and processing facilities in 202donstituting abou?0% of the estimated total environmental releases
from facilities required to report to the TRI (TRI2022). No additional quantities were released via

underground injection (TRIL 202). These releases are summarized in Table 5-2

-HCH has historically been released to the soil by direct application of the pesticide to soil, and can be
released by direct or indirect releases during formulation, storage, and/or disposal. Hazardous waste sites

Z KH WHEH has been disposed of intieeD VW D UH \HRN id Bdisv However, the application of

-+&+ WR ODERUDWRU\ UHIXVH FROXPQV VLPXODWLQJ PXQLFLSDO O
volatilize or leach from the refuse surface, and movement through the column was slightjreytjes

F R G LV S RACH @itliRrhunicipal refuse will result in minimal releases (Reinhart and Pohland 1991,

Reinhart et al. 1991).

5.4 ENVIRONMENTAL FATE

5.4.1 Transport and Partitioning

Air. HCH isomers are volatile, relatively persistent substances in the atmosphere and are expected to be
capable of long-range transportation. HCH can exist in the vapor and particulate phases based on the
reported vapor pressures of the isomblisM 2021). Volatilization of -HCHused as a seed treatment
was confirmed, with 1230% of the applied pesticide volatilizing within 6 weeks of planting the seed
(Waite et al. 20012007) Correspondingly, atmospheric concentrations-6iCH were variable and
iNFUHDVHG ZKHQ SHVW L FHCHE dorXénhbDatibhsRuerre YeksWatigble throughout the year

+RIl HW DO D 'XULQJ WKH+ZR+QW R U-HGH.réfiekEtdd thieDnbMeRant Bf lair.
FRQWDLQLQJ WKH PRUH SHUVLVWHQW .-HCH isomer from the colder Arctic regions to
UDWLRV LQ WKH VXPPHU UHIOHFWHG ERWK LQFUHDVHG -HCH usage inth
$UFWLF DLU +RIlI HW DO D -HCH was also seen to move with warm air during the st
from the lower United States (or areas even further to the south) to the Great Lakes region, although a
VLPLODU WUDMHFWRU\ FRXOG QRW EH&EGHE@WHO\ 8 | | RHCHNrKal areRidt H
dominated by volatilization or partitioning to sacks, but are dependent on local temperature changes

+RIl HW DO E .-HCH appears to have a long residence time in the atmosphere and is contro
primarily by transpott Long UDQJH WUDQVSRUW SRWH QW BXH basédHdn NeiH VW LP D W |
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American monitoring data, and were reported to be 11,15 (fi7,946 km) and 6,047 miles

(9,732km), respectively (Shen et al. 2004)he potential for widespread global distribution has been
reported in several studies (Hargrave et al. 1988; Knap and Binkley 1991; Tanabe et al. 1988ekVittl

and Ballschmiter 1990) .- D Q ®GICH have been measured in arctic air as recently as 2018, but
concentrations have been declining due to declining global emissions and limited use of lindane (Wong et
al. 2021).

HCH isomers in the atmosphere are likely to be subject teorgiand dry deposition, which may result

in the contamination of surface soil and watait-sea exchange fluxes of -0.95 and ngm?/daywere

observed over the northwest Pacific Ocean fob Q BGICH, respectively, supporting the oceans as an

important sink for atmospheric HCH (Wu et al. 2020HCH removal rates were 2.5%/week by rainfall

DQG ZHHN E\ GU\ GHSRVLWLRQ DQG WKH HVWLPDWHG UHVLGHQ
17weeks($WNLQV DQG (JJOHWRAQ 7KH GU\ GHSRVLWLRQ IOX[ UDW
5.1ng/nf/day in deposition samples collected in JuRegust 1997 near the southern Baltic Sea (Wiberg

HW DO 7KH 10X[ U D328 ng/i/déiCivevabdme time frame. Seasonal

variation resulted in lower dry deposition rates during the winter months. In samples collected between
JHEUXDU\ DQG ODUFK -H@HKdnge oM 0.26WOH. 3R d/day, and the dry

deposition flux raVWH IR U -HCH-i4sIBg/n?/day (Wiberg et al. 2001). The dry deposition flux rate

R I-HCH in south central Saskatchewan in 1998 where it had been used as a seed treatment in a canola

field ranged from <29 to 2,203 ngifday, and the amount in rainfall over the same period ranged from

<10 to 200 ng/L (Waite et al. 2001)ptake by plants may be another removal pathway, as observed for

.- D Q®ICH under experimental conditions with lettuce, romaine, and garlic leaf (Yang et al. 2007)

Removal was aatrolled by plarvair equilibration and correlated strongly with the reported log octanol

air partition coefficients (Ka), 7.44 and 7.72- D Q BICH, respectively (Yang et al. 2007).

Water. In surface waters, HCH has a slight tendency to dissolve and remain in the water column based

on the water solubilities and octanehter partition coefficients (#) of the isomers (Clayton and

&OD\WRQ +DQVFK DQG /HR +ROOLILHOG . XULKDUD HW L
relatively high vapor pressure and Henry’s law constant compared with many other organochlorine
insecticides, evaporative loss 6HCH from water is not considered to be significant. Mackay and

Leinonen (1975) calculated theoretical losses of several pesticides from saturated water solutions and
predicted a volatilization halffe of 191 G D\V -HZH. Evidence of increased flux from the Arctic

Ocean of .-HCH due to increased temperatures and decreased sea ice coverage may suggest this as

pathway of growing significance as global warming continues (Wong et al. 2021).
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-HCH released to water may undergo adsorption/desorption with sediments and other materials in the
ZDWHU $GVRUSWLRQ DQG GHVRUSW Lsedinanvéys@rhdperietrnedHiH in natural wate
Saleh et al. (1982) indicate that a diversity of the @htwatersediment characteristics may affect the
sorption-GHV R U SW L R QHEHiK &dditidR td tRelorganic carbon content of the sediments.

-HCH is sorbed to silt solutions with a slow desorption rate, indicating that transport through the
environment is most likely to be particle mediated (Noegrohati and Hammers 1992). Biosorption of

-HCH was seen for the fungus Rhizopus arrhizand activated sludge, with equilibrium being reached
within 1 and 4 hours, respectively. Death of the sludge biomass resulted in rapid desorption with zero-
RUGHU NLQHWLFV VXJ-HEWN & e delgdsed aclordovir Erividb@ment (Tsezos and
:DQJ D 7KH VRUSWLRQ RI -HCH from water using wood charcoal has been described
(Keerthinarayana and Bandyo@aK \ D \ LW ZDV IRXQG WR-HCH fmvidRIG VRUEHQYV

Sediment and Soil. HCH present in soil can leach to groundwater, sorb to soil particulates, or
volatilize to the atmosphere. In general, the leaching of organic chemicals through soil is governed by the
water solubility of the chemicals and their propensity to bind to &aked on the results of a number of
laboratory soil column leaching studies that used soils of both high and low organic carbon content as
ZHOO DV PXQLFLSDO UHIXVH -HCH generally has low to mogetesmabiyjizgn soils, with K
from 641 to 3,362; log I rangeof 2.8106-3.5266 (EPA 1982b; Melancon et al. 1986; Reinhart et al.
$ G V R U SNCHRQoiRparticulates is generally a more important partitioning process than
leaching to groundwater. However, groundwater sediments, which have low organic carbon content
DUH QRW VXIILFLHQW WR DGVRUE -HCH to the extent that groundwater contat
(Nordmeyer et al. 1992)The presence of black carbon in soils from incomplete combustion maytimpac
sorption affinity. +&+ LVRPHUV VKRZHG YDU\LQJ SUHIHUHQ-HEHPRU SDUWLW
-+ &+ 1 /-HCH) in soils with 0-226% organic carbon and 0.04—0.5% black carbon (Ali et al. 2016)
SRUSWLRQ zDV REVHUYHG WR EH D OHBPHW?.Q{DtddaHIﬁ/\WrﬁQ&U(Qn@joEé_RDYDLC
et al. 2012).

Using sediment (0.44% organic carbon) obtained from a sugarcane growing region of Australia, the K
R I-HCH was measured as 2,164 (Just et al. 1990). Th&K-HCH in a mineral soil containing 1.26%
organic carbon content was measured as 832 (Chiou et al. 1998¥%andy soil (0.105% organic carbon)
-HCH had a measured,kof 3,362, and a desorptiory Kf 3.53 (Melancon et al. 1986)he partition
coefficient (K&, R4HCH in a laboratory column experiment with municipal solid waste was

853 (Reitart et al. 1991) In a study involving a laboratory sediment/water system (pH 7.42; 2.18%



HEXACHLOROCYCLOHEXANE (HCH) 248

5. POTENTIAL FOR HUMAN EXPOSURE

RUJDQLF FDQHBERKR isomers were adsorbed on sediments under both aerobic and anaerobic
conditions and few differences were noted in the adsorption behavior of each i&brder.aerobic and
anaerobic conditions, the,KY D O X HNCHRwere 681 and 617, respectively, while thg\alues for

-HCH were 641 and 694, respectively (WulzO $ PLIWXUH RI +&+ &aMdRPHUV .-
I-HCH) sorbed very strongly to a soil from Nagpur, India (pH 7.6, 0.387% organic carbon), with a K
valueof 54000, Some desorption was observed, believed to be due to the water solubility of HCH
(Wadaskar et al. 2006)Desorption experiments with a sandy loam soil slurry showed isomeric
GLITHUHQFHV LQ GHVRUSM LRIQHRFQuBters etval\ 2005).

-HCH sorbed to the soil can partition to the atmosphere by wind erosion of surface soil particulates
(Stanley et al. 1971) and via volatilization from treated agricultural soils and plant foliage (Lewis and Lee
1976). In tests conducted in a model labmmasystem at 1@nd 20°C, volatilization hallOLYHV R1 -HCH
from soil and oat plant surfaces of 23-8 and 0.29-73days, respectively, were reported (Dorfler et al.
1991a); haHlives were greater on dry, sandy soils versus peat soils; howevernwdigtare was added
to the soils, the halife was greater for the peat soil, while warmer temperatures decreased ife half
under all soil and moisture conditions (Dorfler et al. 1991b). In tests performed with a wind tunnel, a
volatilization rate of! I R WHCH from soil surfaces within a 2dour period was determined (Rudel
1997). A 6-fold increase in -HCVblatilization from soil was seen in laboratory experiments when the
temperature increased from 15 to 45°C; flooding the soil also incréesgdlatilization (Samuel and
Pillai 1990). A field study conducted in south central Saskatchewan, Canada-#199®t which

-HCH was applied as a seed treatment to canola, determined that between 12 and 30% of the initial
amount applied volatilized to the atmosphere (Waite et al. 2001); a fopestudy determined
volatilization rates of 190 mgdttareweek at week after application and 42@y/hectarelveek 2weeks
after application (Waite et al. 2007 he volatilization rate from plant surfacgsD V I-RCH.
$SSOLFDWLRQ R -HCH to fields of sunflowers and sugarbeets resulted in a 54% evaporative l0Ss C

pesticide within 24 hours (Neururer and Womastek 1991).

Other Media. -HCH has a low to moderate potential to bioaccumulatsurmmary of some of the
ELRFRQFHQWUDWLRQ IDFWRUV %&)V IURP H[SHTADESHQWDO VWXGL}
-HCH shows limited uptake from soils and bioconcentration by plants and terrestrial organisms and does

not appear to biomagnify to a great extent.
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Table 5-4. Results of Experimental Bioaccumulation
Studies with y-Hexachlorocyclohexane

Species Exposure route Bioconcentration factor Reference

Brine shrimp Water 183 Matsumura and Benezet 1973
Rainbow trout (fry) Water 319 Ramamoorthy 1985

Pink shrimp Water 84 Schimmel et al. 1977

Pinfish Water 218

Grass shrimp Water 63

Sheepshead minnow Water 490

Brine shrimp Sand 95 Matsumura and Benezet 1973
Northern brook silverside Sand 1,613

fish

$ %&) RI OLSLG EDVLVY LQ SuUDzZQV FUXVWDFHDQ ZDV VHHQ W

the underlying sediment, LQGLFDWLQJ WKDW DTXDWLF RUJDQLVPV PD\ DFFXP
column,and uptake from contaminated sediment alone may not be extensive (Just et al. 1990). BCFs for
the isomers of HCH, using zebra fish under steddW? DWH FRQGLWLRQV ZHUH IRU .-HC
-+ &+ IRU -+&+ D Q &ICH; BCFRd#teérmined by uptake and clearance rate constants
were slightly lower (Butte etal. 1991 FOLPLQDWLRQ R -HCH occurred rapidly in zebra mussels (BCk
DQG PHWDEROLVP RI -HCH was not observdd(Bsroy atvatt 2808ht basis for
-HCH in different fish species were positively correlated with their lipid content (Gegerl€97).
7KH ELRDFF X P-MCHDWULbRICdeRligochaetes from a static system consisting of sediment and
water has been reported (Egelealetl997) Microalgae Scenedesmus quadricaudaandCoccomyxa
subellipsoidea ZHUH H[SRVHG IRU KRXUV WR PLQH GXPQ&AHIHHZMHQW FRQ)
resulting in bioaccumulation factors (BAFs) of DQG - - IBRQG /-HCH,
respectively, in S. quadricaudaD QG % $)V R - DQ6 DQGRMAKHCH,
respectively, inC. subellipsoidea (. R'Y i pet &l. 2018).

-HCH applied to an aquatic mesocosm (i.e., a small, artificial ecosystem) atb1.3ZDV UHGXFHG E\
50% at 24 hours posipplication, while at 19 weeks pempplication, the concentration in the water was

RQO\ -HQHRwas detected at 21 weekshelbiological haHife was estimated to be 16days.
Movement through the water column was shown by increasing sediment concentrations up to a maximum
of 75.4 J NJ Dhaurs postpplication; however, sediment concentrations decreased to below the
detection limit at 23veeks to give a halife in sediment of 48.Hays. Rooted aquatic macrophytes have
a BCF of 56 at a maximum concentration of hg@/kg at 2zhours postpplication; however, at
14 weeks, all residues were below the detection limit for adiadppearance time of Hays.



HEXACHLOROCYCLOHEXANE (HCH) 250

5. POTENTIAL FOR HUMAN EXPOSURE

*DVWURSRGYV LQ WKH VA\VWHP KDG D P Dnid/IRéafr24 hiis guiteatnadiory of 7.2
yielding a BCF of 232.4 and a halfsappearance time of 13ays with all residues eliminated by
13weeks (Caquet et al. 1992).

7TURSKLF WUDQVIHU RI -HCH may Actudindesdssethvisie potential of transfer between

zebra mussels and their predators, tufted du¢kéig fugigula) at the birds’ wintering grounds in Lake

Geneva, bordering Switzerland and FrancéiCH concentrations in the mussels ranged from

approximately 5 to 500 ng/g weeighW ZKLOH -HCH in the liver of the tufted ducks ranged from 8.9 to
175.6 ng/g wet wight (Bemy et al. 2003).

,Q WHVWYV ZLWK UDGLRODEHOHG -HCH, grain, maize, and rice plants accumulated 0.95,
respectively, of the amount of bound residues following204days growth in a sandy loam soil.
Bioconcentration increased byXD times when the plants veegrown in test soils containing both bound
DQG H[WUDFW D HCH (Vi hrd RiHai/1991). Plants and grains grown on soil treated with
-+ &+ VKR ZHEB as the predominant isomaithough all isomers were found to some extent;
amounts decreased with increasing time after application (Singh et al. ¥6@ifjerent trend in isomer
uptake was observed in garliGarlic (4l/lium sativum L.) was planted in pots containing soil treated with
- - - DQG /-HCH isomers. The BCFs of the underground parts were in the-fargfe Hf6D48
1.84, 1.402.34, and 2.60— IR-U-. - DQG /-HCH, respectively, and above-ground parts were
1.50-2.26, 4.566.79, 5.166.81, and 9.30k2.18, respectively (Chen et al. 2013)he phytoavailability
RI WKH LVRPHUV ZDV R&V HHCH,GvhithRyeBdtallly dgreed with the isomer’s water
solubility and vapor pressure (Chen et al. 201B}idence of plant uptake from air has been reported
Lettuce, romaine, and garlic leaf were maintained in air chambeexihaded them to air polluted with
.- D Q®ICH for 5 days Measure G DFF X P X O D W LHTH in Ihé skbBsUWereR/I7.25, 190.8, and
IRU OHWWXFH URPDLQH DQG JDUOLF OHDI UHVSHFWLYHO\ D¢
321.9, and 124.5, respectively (Yang et al. 2007).

8 S W D NHCIR by earthworms from a treated soil has also been repdtieehia andrei exposed to
JUDVVODQG V R{HOHVWB 24\nhBiu@s It Weasured BAFs ranging from 5 t&SaGdovaet al.
2015) Following exposure to 5 ppm of the compound for up to 8 weeks, earthworms bioconcentrated

-+&+ E\ D IDFWRU RI 7KH HDUWKZRUPV ELRWUDQVIRUPHG PRUH
WKH PDLQ GHJUDGDW L R QpeédtddRiGracdlshexEL\ereB@dnatbhan et al. 1988).
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-HCH and the other isomers of HCH do not appear to undergo biomagnification in terrestrial food chains

WR D JUHDW H[WHQW DOWKRXJK WKHUH LV D PRGHUDWH SRWHQWI
of soil ingestion or ingestion of contaminated foliage (Wild and Jones 1992). Clark et al. (1974) found

W KDW -HCH levels in the adipose tissue of cattle were 10 times higher than in the feed (0.002 mg/kg).
6]RNROD\ HW DO HIDPLQHG UHODWLYH DFFXPX@bWLRQ RI +&+
FRPSRQHQWYV LQ WKH IRRG FKDLQ LQ &]HFKRVORYDNLD /RZHU -HCI
animals (chickens, sheep, pigeons) feeding entirely on plant material, whereas carnivores had higher

concentrations.

-HCH that is adsorbed to sediments may be recycled to the atmosphere as gaghathbideformed in
the sediment by the methanogenesis and denitrification processes of bacteria. In one case studied, it was
HVWLPDWHG W KioMassociRedWith ithe sediment gas bubbles woeiletleased to the
atmosphere, with the remaining 15% being dissolved in the water column as the bubble rises toward the

surface (Fendinger et al. 1992).

5.4.2 Transformation and Degradation

Air. HCH is degraded in the atmosphere by reacting with photochemically produced hydroxyl radicals.
The rate of this reaction is not very rapid however, and all of the HCH isomers have rather long
atmospheric lifetimes. The rate constants for the reaction Bf Q BGICH with hydroxyl radicals were
measured as 1.4x1Pand 1.9x13° cm¥moleculesecond, respectively (Brubaker and Hites 1998).

Using an average hydroxyl radical concentration of 8xi@lecule/cr, the corresponding halif’es are

about 115 and 845 D\V 4 R Q-GICH, respectively. In locations where the atmospheric hydroxyl
radicalconcentration is very low, the persistence times of these compounds are much longer. Cortes and
Hites (2000) estimated that the average-HalE | H B Q BICH around the Great Lakes region ranged
from about 3 to 4 year<Calculated half-lives based on artic air measurements ranged from 4.6 to
8.9years for.-HCH, and from4.4 to 10 years for -HCH; one arctic station reported a half-life

of -28years for -HCH, possibly due to the shorter monitoring period and the lack of change in
concentrations over this period (Wong et al. 2021). Since HCH does not absorb light >290 nm, direct
photolysis in the atmosphere is not expected to be an important environmental fate process. However,
Chen et al. (1984) reported photodegradationlhadf of 91, 152, 104, and 1%urs for thin films of

-+&+ +&+ -+&+ DQG /-HCH, respectively, when irradiated with light of wavelength 295
305nm. No absorption bands were observed in this spectral region, however, for any of the HCH

isomers, and the mechanism of photpdéation and its environmental significance are uncertain. A
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GLUHFW S KR W RHDH/dhdvad\WWakinuniRdbsorption in the middle ultraviolet (UV) range at

252 nm, with a haffife around 2 hours (pseudo-first-order rate constant of 0.34/hour) (Zhang et al. 2014).
The environmental relevance of this is unclsarce the middle UV range wavelengths are filtered out by
the stratosphere. Similar indirect photolysis studies were conducted atQP ZL W K .-HCH in the
presence of kD, at a molar ratio of 100:1 @@, .-HCH). The indirect photolysis hdifie was aound

4.3 hours (pseudo-first-order rate constant 0.16/hour). A proposed final photolysis product is
2,4,6trichlorophenol (Zhang et al. 2014).

Water. %LRGHJUDGDWLRQ LV EHOLHYHG WR EH WKH GRPLQDQW GHJU
although hydrolysis and indirect photolysis may also occur. Sharom et al. (1980) found that <30% of the
DSSOLHG -HCH remained in unsterilized natural waters in capped bottles after 16 weeks. Biodegradatic
was concluded to be responsible for these results, although it was unclear to what extent hydrolysis or
adsorption to the glass bottles may have contributed. Zoeteman et al. (1980) estimated river, lake, and
groundwater haffOLYHV IR U -HCH from degradation data in these enviroBMhe3is3@Obaris

>300 days, respéeely. In natural lake water with a pH of 9.0 and a hardness of mg0€alcium
carbonate/L, the half-OLIH RI -HCH bag/ésen WR EH KRXUV )J)HUUDQGR HW DO
at concentrations of 5@ 500 J / WR DHURELF EDWFK FXOWXUHV RI PLFURRUJD
carbon source, was initially removed by adsorption and followed by desorption onto the biomass with
subsequent decomposition (McTernan and Pereira 1991). Approximately 561 WKH -HCH was

removed from the water column in 23 days, with 26% removal by adsorption onto the biological solids
produced in these batch reactors. Microbial groth/ L Q J -HCH in the absence of sodium acetate,
increased as the microorganisms became acclimated; the pesticide still showed toxic properties, as

evidenced by a concurrent increase in microbial death rates. Evidence of biodegradation of HCH isomers

in graundwater has also been reportéd an in situstudy of a former pesticide formulating plant, the
biodegradation halflO L Y HV -R ID.QHKECH isomers were determined in groundwater below the site by
compound-specific stable carbon isotope analysis respectiMal§-lives were determined based on

isotopic depletion from samples collected overars at various wells spreading out from the

contaminant source. Hdiives were 223, 6287, and 120 GD\V-IR U D QHKECH isomers,

respectively (Bashir et al. 2015).

W KDV EHHQ VKRZQ WKDW -HCH is degradesehyatitaegehhizsalgiae reduce the
WRI[LF HITHFWYV RI -HCH following repeated inoculations (Kar and Singh 1979b). The degradation «

-HCH became more efficient with time, thus reducingpésticide's toxicity in cultures of nitrogen-
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fixing bluee JUHHQ DOJDH '"HFKORULQDWLRQ RI -+&+ WR -pentachlorocyclohexer

with fungi in aqueous suspensiomdacholzand Kujawa 1985) and in algal cultures (Sweeney 1969).

Hydrolysis is not considered an important degradation process for HCH in aquatic environments under
QHXWUDO S+ FRQGLWLRQV +RZHYHU XQGHU DONDOLQH FRQGLWL
DO WHVWHG UD WHEH iRsteHlizeéduh&@al WhatersRud 25°C and found that

K\ G U R O \-MCHfdRdwed firstorder kinetics with halfives of 92 hours at pH 9.3, 64®urs at

pH 7.8, and 771 hours at pH3. EPA (198B) reported a hydrolysis halife of 207 days at pH’ and

25°& XVLQJ GLVWLOOHG ZDWHU $ONDOLQH K\GURO\VLV S+ RI
life of 1,083 hours (based on pseudo-fiostier rate constant of 0.0064llr), giving
1,3,4,5,6pentachlorocyclohexane, 1,2rchlorobenzene, and 1,2,3-trichlorobenzene as the major

products (Zhang et al. 2014).

6RPHZKDW FRQIOLFWLQJ LQIRUPDWLRQ LV DYDLODEOH RQ WKH UD\
does not contain chromophores that absorb light >290 nm, direct photolysis is not expected to occur.
However indirect photolysis, whereby a photosensitizing agent may absorb light and then transfer its
excitation energy to HCH, may occur. Humic and fulvic acids arekmeNvn photosensitizing agents
and are practically ubiquitous in natural waters. In the study by Saleh et al., h@8&)thors reporte
-HCH first-order photolysis halfives of 169, 1,791, and 1,54@urs in pond water, lake water, and
water from a quarry at pBL.3, 7.3, and 7.8, respectivelyhen solutions were exposed to direct sunlight.
However, the rapid rate of degradation at pH 9.3 may have been enhanced by hydrolysis reactions rather
WKDQ E\ SKRWRO\VLV- D QEECHWRM/ oM t&/ WWde@d enhanced photolysis when
aqueus solutions were spiked with 5 and 25 ppm of soil fulvic acid, and irradiated with natligiht
(Malaiyandi et al. 1982). +DPDGD HW DO IRXQG WKDW -HCH underwent photodegr
two isomers of tetrachlorohexene and pentachlorohexene in propanol solution when irradiated with UV
light produced by a lowpressure mercury lamp. Oxidants commonly found in natural waters, such as
peroxy radicals, hydroxyl radicals, and singlet oxygen species, can degrade HCH in water. Mill (1999)
estimated that the indirect photolysis Hifl of HCH in natural waters is about 2@d@ys, and the
dRPLQDQW R[LGDQW IRU +&+ ZDV WKH-HABiv&petussaEdnimi@ 3KRWRO

presence of polyoxomethallate, a strong oxidizing agent, has also been demonstrated @lisk39eL

Sediment and Soil.  -HCH in soil or sediment is degraded primarily by biodegradation, although
hydrolysis may occur in moist soils under alkaline conditions. Tu (1976) reported that 71 of
147PLFURRUJDQLVPV LVRODWHG IURP D ORDP\ VDQG VRLO ZHUH DEC(
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FDUERQ VRXUFH :KLWH URW |XHTBX\ae@bicpuie Guliue labratariRtesiBE H O H G
In a silt loam soil/corncob test matrix, 34.7% of the compound was degraded over a 60-day test period,
whereas 53.5% degradation was observed in liquid cultures over a 30-day test period (Kennedy et al.
1990). The results of this study have been confirmed by more recent studies (Ma@ahgli9@6, 1997).
7KH LVRODWLRQ R -HCH-degrading bacteria, classified as Sphinfionoconpaninadilis
soils has been reported (Thomagle1996). A Pseudomonasspecies has also been isolated from
SUHWUHDWHG VRLO WEQ® &V [EKO/HGQWR RitltnH 0-R0Ri&/siunder both
flooded (anaerobic) and unflooded (aerobic) conditions; greater degradation rates were observed under
aerobic conditions (Sahu et al. 1993). Under aerobic conditionspla&titeria strains of Streptomyces
VS LVRODWHG IURP D SROOXWHG VLWH ZHUH DEOH WR XWLOL]H .-H
WR XW+&+ ]JHKHQ VXSS O H RHHIP \Wykt&n; \WoRgraWH kias observed in the presence of
[-HCH. At pH 7and 30°C, the actinobacteria were able to degrade up to 108% + D QG -HCH
after 7 days (Sineli et al. 2014).KIH FRQFH QW U D W L R Q-YICH @ GoilSiidybé ldspénbetF H R |
on soil types. An analysis of two soil types, loamy sand (approximat2$ps brganic matter) and muck
(approximately 2+ RUJDQLF PDWWHU IRU -HCH residues shovitkd thatmyean residues i
sand soil had decreased from 95 ppb dry weight in 1971 to below the detection limit of 10 ppb in 1989;
however, in muck, residues had decreased from 426 ppb in 1971 to 168 ppb in 1989 (Szeto and Price
1991). The presence of crops on the soils also affects the persistence of HCH residues;liviéh balf
58.8and 83.8GD\V IRU FURSSHG DQG XQFUHRIEIS wWas tienBst\persidteHtV SHFW LY HO
isomer, with haHlives of 184D Q G GD\V UHVSHFWLYHO\ RQ FHER&&HG DQG XC(C
next at 107 andd1 GD\V |IROORZH @D W\ . DQG G D \NCH{BGB.9lan@ DO O\ /
23.4days. Only trace amounts of the isomers were found to leach below 20 cm soil depth (Singh et al.

7 KHHCH isomer comprised 8200% of the total HCH residuesuiiod in soil or vegetation on
land surrounding an industrial landfill in GermanyyHars after the final HCH input (Heinisch et al.
1993) BLRGHJUDGDWLRQ ZzDV REVHUYHG WR EH D OLI?ris\Gmchﬂ/élDFWRU L
et al. 2012).

ORVW DYDLODEOH LQIRUPDWLRQ VXJJHVWYV WKDW -HCH transformation is fav
environments (EPA 1979; Haider 1979; Kalschletl998). In bench-scale anaerobic digestion tests
GHVLIQHG WR DVVHVVY WKH IDWH RI VHPLYRODWLOH RUJDQLF SROC
was found to undergo 98% degradation at 120 days. Sorption of the compound to the digester solids
accounted for 2% of the initial feed; none of the compound was lost by volatilization. The digesters were
operated at 35°C with a 3fay solids retention time (Govind et al. 1991). Similar results were seen with

live activated sludge where initiallywersible biosorption dominates the removal process followed by an
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increased aerobic biodegradation after approximately 10 hours of acclimation. The biodegradation
process includes hydrolytic dechlorination with subsequent ring cleavage and finally, partial or total
mineralization (Tsezos and Wang 1991b). Adaptation of sewage sludge is slow and may take 1

2 months; however, once acclimation occurs; 70 EL R G HJ U D GHTM/rhay Qcdar with the

percentage of degradation decreasing with increasing sludge age (Nyholm et al. 1992). Co-oxidation and
reductive dechlorirtgon are the probable degradation mechanisms (Jacobsen et al. 1991; Nyholm et al.
1992).

I1XPHURXY GLYHUVH VWXGLHV RQ ELRGHCHWaB tanSfeiétiDo0GDWLRQ KDY}
tetrachlortiexene; tr, tetra, and pentachlorinated benzenes; pearal tetracyclohexanes; other isomers

of HCH; and other related chemicals. The productedatepending on th@rganisms present, analytical

methods applied, and when the sample was anatgtatil/e to its collection dat&EPA 1979).

IDERUDWRU\ VWXGLHY KDYH GHPRQVWUDW-H® QWRHbELRLVRPHUL]DW
bioisomerization irthe environment was considered to be nonsignificant by an investigator who

conducted a field study (Waliszewski 1993). Levels of individual isomers were approximately 0.1—

1l.4and 0.8 R1 WHOH cencentrations at:31and 3446 ZHHNV UHVSHFWLYHO\ IROOR
treatment of soil. The study authors suggested thatittadility to simulateall environmental conditions

in the laboratory could explatifferences between laboratory and field results.

$ELRWLF WUDQVIRUPDWLRQ DRCH iGsoillsedrgeDt\Ae RoQthSudiRte HeY VHYV R
significant pathways. As discussed earlier for water, photolysis or hydrolysis are not considered
LPSRUWDQW GHJUDGDWLRQ SDW K B &xteRtion-bihit) drydlimtlysissorders; t

alkaline conditions.

Other Media. Several Organisation for Economic Cooperation and Develop®&ED)and

European Union standardized tests exist to quantify potential for biodegradation in a wastewater

treatment facility. Aclosed bottle test, conducted according to EC directive 92/69/EEC, was initiated

ZLWK PJ / Rl -HCHin a 25 mg/L slurry of activated sludge in mineral nutrient medium, under aerobic
conditions. -HCH achieved 100% degradation based on theoretical oxygen uptake after 9 days (Lapertot

and Pulgarin 2006)



HEXACHLOROCYCLOHEXANE (HCH) 256

5. POTENTIAL FOR HUMAN EXPOSURE

5.5 LEVELS IN THE ENVIRONMENT

Reliable evaluation of the potential for human exposure to HCH depends, in part, on the reliability of
supporting analytical data from environmental samples and biological specimens. Concentrations of
HCH in unpolluted atmospheres and in pristine surface waters are often so low as to be near the limits of
current analytical methods. In reviewing data on HCH levels monitored or estimated in the environment,
it should also be noted that the amount of chemical identified analytically is not necessarily equivalent to

the amount that is bioavailable.
Table5-5shows the lowest limit of detections that are achieved by analytical analysis in environmental

media. An overview summary of the range of concentrations detected in environmental media, based on
the most recent data available, pésD Q F H O O BGM laRdpeRticidés presented in Tab&-6.

Table 5-5. Lowest Limit of Detection Based on Standards 2

Media Detection limit Reference
Air 0.2 pg/m® — 200 ng/m? (a-, B-, y-HCH) EPA 1999d
Drinking water 0.0053 pg/L (a-HCH) EPA 1995

0.0036 ug/L (B-HCH)
0.0060 pg/L (y-HCH)
0.0020 ug/L (6-HCH)

Surface water and groundwater 7 pg/L — 0.0053 ug/L (a-HCH) EPA 1995, 2007
6 pg/L — 0.0036 pg/L (B-HCH)
9 pg/L — 0.0060 ug/L (y-HCH)
5 pg/L — 0.0020 pg/L (3-HCH)

Soil 6 ng/L; 1.3 ng/kg (a-HCH) EPA 2000b, 2007
7 ng/L; 0.6 ng/kg (B-HCH)
11 ng/L; 0.7 ng/kg (y-HCH)
5 ng/L; 2.0 ng/kg (6-HCH)
Sediment 0.500 pg/kg; 6 ng/L (a-HCH) EPA 2000b; USGS 2003
0.221; 7 ng/L (B-HCH)
0.200 pg/kg; 11 ng/L (y-HCH)
5 ng/L (6-HCH)
Whole blood 1 ppb (a-, B-, y-HCH) CDC 2019; EPA 1980
1.3 ng/g lipid (B-HCH)
0.92 ng/g lipid (y-HCH)

aDetection limits based on using appropriate preparation and analytics. These limits may not be possible in all
situations.
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Media Low High Reference
a-HCH

Outdoor air (ng/m®) 0.00016 0.017 WQP 2023
Indoor air No data

Surface water (ng/L) 0.1 1.7 WQP 2023
Groundwater Not detected WQP 2023
Drinking water No data

Food Not detected FDA 2020b
Soil and sediment Not detected WQP 2023
B-HCH

Outdoor air (ng/m3) 0.00034 0.064 WQP 2023
Indoor air No data

Surface water (ng/L) 0.11 1.2 WQP 2023
Groundwater Not detected WQP 2023
Drinking water No data

Food Not detected FDA 2020b
Soil and sediment (ug/kg) 0.032 0.39 WQP 2023
y-HCH

Outdoor air (ng/m3) <1.7 No data EPA 2021
Indoor air No data

Surface water No data

Groundwater No data

Drinking water No data

Food Not detected FDA 2020b
Soil and sediment No data

0-HCH

Outdoor air Not detected WQP 2023
Indoor air No data

Surface water (ng/L) 0.44 3.7 WQP 2023
Groundwater Not detected WQP 2023
Drinking water No data

Food Not detected FDA 2020b
Soil and sediment Not detected WQP 2023

HCH, technical grade

Outdoor air No data
Indoor air No data
Surface water No data
Groundwater No data
Drinking water No data
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Media Low High Reference
Food No data
Soil and sediment (ug/kg) 0.47 1.26 WQP 2023

Detections of HCH in air, water, and soil at NPL sites are summarizZiezble 57.

Table 5-7. Hexachlorocyclohexanes (HCHS); Levels in Water, Soil, and Air of

National Priorities List (NPL) Sites

Geometric Number of

Geometric standard quantitative
Medium Median? mean? deviation? measurements  NPL sites
a-HCH
Water (ppb) 0.987 1.08 45.2 43 29
Soil (ppb) 3,390 2,970 156 52 28
Air (ppbv) 0.0016 0.0010 11 6 5
B-HCH
Water (ppb) 0.68 1.09 18.7 34 22
Soil (ppb) 950 911 61.7 44 33
Air (ppbv) 0.0017 0.00080 7.1 2 2
y-HCH
Water (ppb) 0.515 0.819 49.2 64 38
Soil (ppb) 2,800 2,090 127 66 42
Air (ppbv) 0.0044 0.0038 29 7 7
0-HCH
Water (ppb) 0.57 1.18 34.5 29 19
Soil (ppb) 1,100 392 71.9 31 22
Air (ppbv) 0.0002 0.00016 15 3 2
HCH, technical grade
Water (ppb) 0.86 3.0 24 6 5
Soil (ppb) 8,700 2,300 81 10 6
Air (ppbv) 0.000017 0.000017 1 2 1

aConcentrations found in ATSDR site documents from 1981 to 2022 for 1,868 NPL sites (ATSDR 2022). Maximum

concentrations were abstracted for types of environmental media for which exposure is likely. Pathways do not

necessarily involve exposure or levels of concern.
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5.5.1 Air

HCH isomers have been detected in ambientBiK H KLIKHVW FRQFHQWUDWICRQV ZHUH |
agricultural use restrictions; available monitoring data after the restriction and b&Cof pesticides

showed a gradual decrease and the results of the most recent monitoring studies are below the parts per
billion range The results of outdoor air monitoring studies are presented in 3-&bl@recipitation

samples, if available, are included in Tabl8 because they reflect removal of atmospheric HCH.

One reference to indoor air monitoring was located in the literature search. In a study of preschool

children’s potential exposure to pesticides in North Carolina, indoor air samples from 13 daycare centers

and 129 homes of the preschool children (age$@@ronths) were collected between 2000 and 2001
ORUJDQ HW DO -HCH was detected in ranges of below the limit of §etection (<0.09 ng/m

18.5ng/nin the children’s homes and <0-@8297 ng/m in the preschools. Detection frequencies were

13and 20%, respectively. Seventy-four percent of the homeowners reported applying insecticides at their

homes, and 90% of these had applied an insecticide in the past year before sahmptingthe daycare

centes, 62% reported using insecticides, and 88¥hafereported usage within a year of sampl

collection(Morgan et al. 2014)

5.5.2 Water

Water monitoring data are presented in Table $+4€H isomers have been detected in surface water,
groundwater, and drinking water. The highest concentrations were found in groundwater below a facility
thatprocessed pesticides and stored wastes in unlined trenches until 1996 (Law et al. 2004). A study of
the same site some years later still detected HCH isomers (Chartrand et al. 2015). Generally, surface
water concentrations are lower than those detected in groundwater. Data from the EPA’s Water Quality
Portal (WQP), a system that maintains water monitoring data from stations across the United $ates, ha
EHHQ GLYLGHG LQWR WZR FDWHJRULHV SULRU WR -HCH pesticide cancellat
andrecent years posiancellation (WQP 2(). Although recent data are limited, a decrease in surface
DQG JURXQGZDWHU -FR @rid HHCW thD W tdRrQivthi® dataset; data for -H@He not
reported From other studies, & H F U H ERCH ifRdurface water can be observed, posslbf/to use
limitations; trends for drinking water and groundwater are not as clear. Most recent monitoring data

report concentrations below the parts per billion range for surface water and groundwater.
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Table 5-8. Outdoor Air Monitoring Data for Hexachlorocyclohexanes (HCHSs)
Locations Geographic type Date(s) Range? Mean? Notes Reference
a-HCH
Alabama Not reported January—October 1996 0.092 ng/m3 Jantunen et
and May 1997 al. 2000
Eagle Harbor, Rural 1990-1997 0.110- Cortes and
Michigan; Sleeping 0.140 ng/m3 Hites 2000
Bear Dunes State
Park, Michigan;
Sturgeon Point,
New York
Chesapeake Bay Rural and April 2000—September 0.002— 0.026 ng/m3 Gas phase; average of Goel et al.
agricultural 2003; excluding winter 0.142 ng/m? averages at three sites; 2010
months detection frequency 99-100%
Chesapeake Bay Rural and April 2000 —September 0.0012 ng/m? Particulate phase; detection Goel et al.
agricultural 2003; excluding winter frequency 1% 2010
months
Chesapeake Bay  Rural and April 2000-September 0.2-11 ng/L 1.7 ng/L Rainwater; average of Goel et al.
agricultural 2003; excluding winter averages at three sites; 2010
months detection frequency 3—-18%
Youngstown, Ohio  Urban/suburban 2000-2001 0.051 ng/m® Shen et al.
2004
Solomons, Maryland Rural 2000-2001 0.091 ng/m® Shen et al.
2004
Wilmington, North  Urban/suburban 2000-2001 0.015 ng/m?® Shen et al.
Carolina 2004
Turkey Point, Rural 2000-2001 0.029 ng/m?® Shen et al.
Florida 2004
Muscle Shoals Suburban/rural 2000-2001 0.056 ng/m3 Shen et al.
2004
United States Ambient air 2015-2019 0.00016— 0.0042 ng/m? Detected in 83% of WQP 2023¢
0.017 ng/m3 481 samples; no data reported

for 2020-2023°
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Table 5-8. Outdoor Air Monitoring Data for Hexachlorocyclohexanes (HCHSs)
Locations Geographic type Date(s) Range? Mean? Notes Reference
B-HCH
United States Ambient air 2015-2018 0.00034- 0.005 ng/m® Detected in 28% of WQP 2023¢
0.064 ng/m3 481 samples; no data reported
for 2020-2023°
y-HCH
College Station, Rural 1979-1980 0.01- 0.23 ng/m? Ground level, ambient air Atlas and
Texas 1.60 ng/m3 Giam 1988
College Station, Rural 1979-1980 0.30- 2.81 ng/L Rainwater samples Atlas and
Texas 7.8 ng/L Giam 1988
Adirondack Not reported 1985 0.509 ng/m3 Troposphere samples Knap and
Mountains, New Binkley 1991
York
Newport News, Not reported 1988 0.021 ng/m3 Troposphere samples Knap and
Virginia Binkley 1991
Alabama Not reported January—October 1996 0.050 ng/m3 Jantunen et
and May 1997 al. 2000
Eagle Harbor, Rural 1990-1997 0.024- Cortes and
Michigan; Sleeping 0.062 ng/m3 Hites 2000
Bear Dunes State
Park, Michigan;
Sturgeon Point,
New York
Lake Superior Not reported 1984; wetfall season 3.0 ng/L Rainwater samples, annual Strachan
loading rate of 2.0 yg/m?/year 1988
Portland, Oregon Urban 1982 0.45-1 ng/L Rain and snow water Pankow et al.
1984
Hawaii Not reported 1970-1971 1-19 ng/L 5 ng/L Rainwater Bevenue et
al. 1972
Youngstown, Ohio  Urban/suburban 2000-2001 0.049 ng/m?® Shen et al.
2004
Solomons, Maryland Rural 2000-2001 0.072 ng/m® Shen et al.

2004




HEXACHLOROCYCLOHEXANE (HCH) 262
5. POTENTIAL FOR HUMAN EXPOSURE
Table 5-8. Outdoor Air Monitoring Data for Hexachlorocyclohexanes (HCHSs)
Locations Geographic type Date(s) Range? Mean? Notes Reference
Wilmington, North  Urban/suburban 2000-2001 0.026 ng/m® Shen et al.
Carolina 2004
Turkey Point, Rural 2000-2001 0.031 ng/m® Shen et al.
Florida 2004
Muscle Shoals Suburban/ 2000-2001 0.055 ng/m® Shen et al.
agricultural 2004
North Carolina Not reported 2000-2001 <0.09- Air samples collected outside  Morgan et al.
0.11 ng/m?® daycare centers; detection 2014
frequency 8%
North Carolina Not reported 2000-2001 <0.09- Air samples collected outside  Morgan et al.
6.15 ng/m?® students; homes; detection 2014
frequency 12%
Chesapeake Bay Rural and April 2000-September 0.0012— 0.049 ng/m3 Gas phase; average of Goel et al.
agricultural 2003; excluding winter 0.382 ng/m?® averages at three sites; 2010
months detection frequency 81-100%
Chesapeake Bay Rural and April 2000-September 0.0013—- 0.024 ng/m3 Particulate phase; average of Goel et al.
agricultural 2003; excluding winter 0.027 ng/m? averages at two sites; detection 2010
months frequency 2—7%
Chesapeake Bay Rural and April 2000-September 0-35 ng/L 4.0 ng/L Rainwater; average of Goel et al.
agricultural 2003; excluding winter averages at two sites; detection 2010
months frequency 1-61%
Texas Various ambient air January—December 0.005 ng/m® Detected in 20 samples; below EPA 2021
monitoring sites 2007 the limit of detection in
345 samples
Texas Various ambient air January—December <1.7 ng/m?3 Below the limit of detection in  EPA 2021
monitoring sites 2008 488 samples
Texas Various ambient air January—June 2009 <1.7 ng/m?3 Below the limit of detectionin  EPA 2021
monitoring sites 120 samples
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Table 5-8. Outdoor Air Monitoring Data for Hexachlorocyclohexanes (HCHSs)
Locations Geographic type Date(s) Range? Mean? Notes Reference
0-HCH
United States Ambient air 2015-2019 ND Not detected in 26 samples; no WQP 2023°¢

data reported for 2020-2023

3 iquid unit conversion: 1 ng/L = 1 ppt = 0.001 ppb; gaseous unit conversion: ppbv = ([concentration ng/m3] x 0.001) / 11.89, assuming standard temperature and
pressure.

bAs of June 2023.
¢Data collected by USGS monitoring stations across the United States; mean and ranges do not reflect samples reported as not detected/below detection limit.

ND = not detected; USGS = U.S. Geological Survey
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Table 5-9. Water Monitoring Data for Hexachlorocyclohexanes (HCHSs)
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Locations  Geographic type Date(s) Range? Mean? Notes Reference
a-HCH
Lake Surface water Spring 1997 2.8 ng/L Marvin et al.
Superior 2004
Lake Erie Surface water Spring 1998 0.41 ng/L Marvin et al.
2004
Lake Ontario Surface water Spring 1998 0.40 ng/L Marvin et al.
2004
York River  Surface water June 1998— ~0.025—- Concentrations were lower in freshwater ~ Padma and
estuary April 1999 0.175 ng/L areas than areas with higher salinity Dickhut 2002
United States Surface water 1978-2006 2.93x10°- 150 ng/L Detected in 0.5% of 35,766 samples WQP 2023
55,000 ng/L
United States Surface water 2020 ND Not detected in 775 samples WQP 2023°
United States Surface water 2021 0.11- 0.54 ng/L Detected in 0.2% of 902 samples WQP 2023
0.976 ng/L
United States Surface water 2022 0.1-1.7ng/L  0.28 ng/L Detected in 2% of 945 samples WQP 2023
United States Surface water 2023¢ ND Not detected in 9 samples WQP 2023
United States Surface water at  2003—-2006 4.2x10°5- 0.026 Detected in 45% of 193 samples WQP 2023
Portland Harbor 0.002 ng/L
Superfund Site
United States Groundwater 1981-2006 1.1-5,000ng/L 153 ng/L Detected in 0.3% of 16,493 samples WQP 2023
United States Groundwater 2020, 2022 ND Not detected in 125 samples; no data WQP 2023
reported for 2021 or 2023°¢
United States Groundwater at 1987-2002 ND Not detected in 396 samples WQP 2023
EPA Region 10
Superfund Sites
United States Groundwater at 1995 ND Not detected in 18 samples WQP 2023
Boomsnub

Superfund Site
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Table 5-9. Water Monitoring Data for Hexachlorocyclohexanes (HCHSs)

Locations  Geographic type Date(s) Range? Mean? Notes Reference
Northeastern Groundwater below 2000 58— 51,000 ng/L Samples collected from 19 shallow wells; Law et al. 2004
Florida active pesticide 5.0x10° ng/L not detected (<20 ng/L) in 6 wells; mean

reformulating and and ranges do not reflect samples reported

packaging facility as not detected/below detection limit
Northeastern Groundwater below 2000 30— 44,000 ng/L Samples collected from 15 deep wells; not Law et al. 2004
Florida active pesticide 4.2x10° ng/L detected (<20 ng/L) in 5 wells; mean and

reformulating and ranges do not reflect samples reported as

packaging facility not detected/below detection limit
Northeastern Surface water near 2000 660-680 ng/L 670 ng/L Three samples collected from creek Law et al. 2004
Florida active pesticide adjacent to the site; not detected

reformulating and (<20 ng/L) in one sample; mean and

packaging facility ranges do not reflect samples reported as

not detected/below detection limit
B-HCH
United States Surface water 1980-2006 0.0385- 1,260 ng/L Detected in 1% of 7,198 samples WQP 2023
80,000 ng/L

United States Surface water 2020 ND Not detected in 248 samples WQP 2023
United States Surface water 2021 0.18-0.84 ng/L 0.49 ng/L Detected in 4% of 221 samples WQP 2023
United States Surface water 2022 0.11-1.2ng/L 0.42 ng/L Detected in 8% of 454 samples WQP 2023
United States Surface water 20234 ND Not detected in 5 samples WQP 2023
United States Surface water 2004-2006 0.00017- 0.0060 Detected in 25% of 190 samples WQP 2023

Portland Harbor 0.0337

Superfund Site
United States Groundwater 1981-2006 10-300 ng/L 48 ng/L Detected in 1% of 2,478 samples WQP 2023
United States Groundwater 2020 ND Not detected in 3 samples; no data WQP 2023

reported for 2021-2023°¢

United States Groundwater at 1987-2002 ND Not detected in 395 samples WQP 2023

EPA Region 10

Superfund Sites
United States Groundwater at 1995 ND Not detected in 18 samples WQP 2023

Boomsnub
Superfund Site




HEXACHLOROCYCLOHEXANE (HCH) 266

5. POTENTIAL FOR HUMAN EXPOSURE

Table 5-9. Water Monitoring Data for Hexachlorocyclohexanes (HCHSs)

Locations  Geographic type Date(s) Range? Mean? Notes Reference
Northeastern Groundwater below 2000 30-43,000 ng/L 12,000 ng/L Samples collected from 19 shallow wells; Law et al. 2004
Florida active pesticide not detected (<20 ng/L) in 8 wells; mean

reformulating and and ranges do not reflect samples reported

packaging facility as not detected/below detection limit
Northeastern Groundwater below 2000 82-820 ng/L 340 ng/L Samples collected from 15 deep wells; not Law et al. 2004
Florida active pesticide detected (<20 ng/L) in 8 wells; mean and

reformulating and ranges do not reflect samples reported as

packaging facility not detected/below detection limit
Northeastern Surface water near 2000 38-440 ng/L 300 ng/L Three samples collected from creek Law et al. 2004
Florida active pesticide adjacent to the site

reformulating and
packaging facility

y-HCH
New Jersey Wells Not reported  NR-900 ng/L 1,076 wells, not detected in around half of Page 1981
(1981 or samples
earlier)
Chesterfield Rural drinking Not reported  0-93 ng/L 23 ng/L Sandhu et al.
County, water (1978 or 1978
South earlier)
Carolina
Hampton, Rural drinking Not reported  0-319 ng/L 147 ng/L Sandhu et al.
South water (1978 or 1978
Carolina earlier)
Cincinnati,  Drinking water Not reported 0.01 ng/L Keith et al. 1976
Ohio (1976 or
earlier)
Oahu, Hawaii Drinking water 1970-1971 0.2 ng/L Bevenue et al.

1972
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Locations  Geographic type Date(s) Range? Mean? Notes Reference
Ozark Groundwater April- 28 and 32 ng/L Detected in two samples from domestic Adamski and
Plateaus September wells Pugh 1996
Province of 1993
Arkansas,
Kansas,
Missouri, and
Oklahoma
Connecticut Drinking water well Not reported 60 ng/L Eitzer and
(1999 or Chevalier 1999
earlier)
United States Drinking water 1998-2005 1-690 ng/L 62 ng/L Samples collected from 44 states across  EPA 2010
the United States; ranges and averages do
not include samples reported to be below
the method reporting level
Washington, Surface water Not reported  52-100 ng/L Cole et al. 1984
D.C. and (1984 or
Denver, earlier)
Colorado
Niagara Surface water 1980-1981 2.1 ng/L Mean of 99% samples Kuntz and Warry
River 1983
Lake Surface water Not reported  ND-150 ng/L EPA 1974
Michigan (1974 or
tributary earlier)
streams
United States Surface water Not reported Median: 20 ng/L Detected in 27% of 4,505 samples Staples et al.
(1985 or 1985
earlier)
Lake Ontario Surface water 1983 0.806-1.85 Biberhofer and
ng/L Stevens 1987
Patuxent Surface water 1995 1.0 ng/L Harman-Fetcho
River et al. 1999
Lake Surface water Spring 1997 0.38 ng/L Marvin et al.
Superior 2004
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Table 5-9. Water Monitoring Data for Hexachlorocyclohexanes (HCHSs)
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Locations  Geographic type Date(s) Range? Mean? Notes Reference
Lake Erie Surface water Spring 1998 0.32 ng/L Marvin et al.
2004
Lake Ontario Surface water Spring 1998 0.24 ng/L Marvin et al.
2004

York River  Surface water June 1998—- ~0.04—- Concentrations were higher in freshwater Padma and
estuary April 1999 0.21 ng/L areas than areas with higher salinity Dickhut 2002
Northeastern Groundwater below 2000 110- 99,000 ng/L Samples collected from 19 shallow wells; Law et al. 2004
Florida active pesticide 6.6x10° ng/L not detected (<20 ng/L) in 11 wells; mean

reformulating and and ranges do not reflect samples reported

packaging facility as not detected/below detection limit
Northeastern Groundwater below 2000 120- 73,000 ng/L Samples collected from 15 deep wells; not Law et al. 2004
Florida active pesticide 3.6x10° ng/L detected (<20 ng/L) in 10 wells; mean and

reformulating and ranges do not reflect samples reported as

packaging facility not detected/below detection limit
Northeastern Surface water near 2000 440-470 ng/L 460 ng/L Three samples collected from creek Law et al. 2004
Florida active pesticide adjacent to the site; not detected

reformulating and (<20 ng/L) in one sample; mean and

packaging facility ranges do not reflect samples reported as

not detected/below detection limit
0-HCH
United States Surface water 1980-2006 0.00339—- 1.56 ng/L Detected in 0.8% of 7,106 samples WQP 2023
75,000 ng/L

United States Surface water 2020 ND Not detected in 248 samples WQP 2023
United States Surface water 2021 0.48-1 ng/L 0.72 ng/L Detected in 3% of 221 samples WQP 2023
United States Surface water 2022 0.44-3.7 ng/L  0.97 ng/L Detected in 5% of 545 samples WQP 2023
United States Surface water 20234 ND Not detected in 5 samples WQP 2023
United States Surface water 2004-2006 0.000508-1.67 0.14 Detected in 14% of 190 samples WQP 2023

Portland Harbor

Superfund Site
United States Ground water 1980-2006 20-300 ng/L 4.8 ng/L Detected in 1% of 2,417 samples WQP 2023
United States Ground water 2020 ND Not detected in three samples; no data WQP 2023

reported for 2021-2023°¢
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Table 5-9. Water Monitoring Data for Hexachlorocyclohexanes (HCHSs)

Locations  Geographic type Date(s) Range? Mean? Notes Reference
United States Groundwater at 1987-2002 ND Not detected in 391 samples WQP 2023°

EPA Region

10 Superfund Sites
United States Groundwater at 1995 ND Not detected in 18 samples WQP 2023

Boomsnub

Superfund Site
Northeastern Groundwater below 2000 40— 74,000 ng/L Samples collected from 19 shallow wells; Law et al. 2004
Florida active pesticide 5.7x10° ng/L not detected (<20 ng/L) in 8 wells; mean

reformulating and and ranges do not reflect samples reported

packaging facility as not detected/below detection limit
Northeastern Groundwater below 2000 36— 26,000 ng/L Samples collected from 15 deep wells; not Law et al. 2004
Florida active pesticide 2.9x10° ng/L detected (<20 ng/L) in 3 wells; mean and

reformulating and ranges do not reflect samples reported as

packaging facility not detected/below detection limit
Northeastern Surface water near 2000 55-970 ng/L 640 ng/L Three samples collected from creek Law et al. 2004
Florida active pesticide adjacent to the site

reformulating and

packaging facility
HCH, mixture
Northeastern Groundwater below Not reported  30,000— Range reported for a-, y-, and 8-HCH Chartrand et al.
Florida contaminated site (2015 or 4.2x10° ng/L 2015

earlier)

aLiquid unit conversion: 1 ng/L = 1 ppt = 0.001 ppb.
bData collected by USGS monitoring stations across the United States; mean and ranges do not reflect samples reported as not detected/below detection limit.
¢As of June 2023.

ND = not detected; USGS = U.S. Geological Survey
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5.5.3 Sediment and Soil

HCH has been detected in soil and sediment as a result of agricultural use. Soil and sediment monitoring
data are presented in Tablel0. [ata from the EPA’'s WQP has been divided into two categories to
UHIOHFW SRWHQWLDO GHW H F\NCHRp@st@itkercanddlatich\in 2008/QPAR2Y XOW RI W
A clear trend could not be discerned from the data, possibly due to the large ranges reflecting differences

in land use Most recent monitoring data report concentrations at the parts per billion range.

5.5.4 Other Media

HCH isomers have been detected in aquatic organisms; the results of these monitoring studies are
summarized in Table 5-11. Data on terrestrial organism monitoring were not located. Schmitt et al.
(1985) reported the results of a monitoring study of fish tissues from 107 freshwater stations in the United
States from 1976 to 1981, which supported a decline in tissue occurrenFH R I- ®IQWBEBHF WDEOH
UHVLGXHV LQ DTXDDMIFCR hay®leénwiBtected.in organisms as recently as 2018,
however WQP2021). The most recent monitoring studies have detected HCH isomers in aquatic

organisms in the parts per billion range.

+LVWRULFDOO\ DV D UHVXOW RI SHVWLFLGH XVH -HCH was detected in me:
ERWK LPSRUWHG WR DQG SURGXFHG LQ WKH 8QLWHG 6WDWHV 'XFh

by the United States and many other countries, residues are typically no longer detected in food products.
-HCH was detected in 5 out of 612 imported rice samples at a maximum concentrationpping.03

during an FDA pesticide monitoring study conducted in 19984 (Roy et al. 1997). A lyear (1982—

1991) FDA study of ready-ttiDW IRRGV FRPPRQO\ FRQVXPHG LQ WK#H 8QLWHG |
D QGICH were frequently detected (Rogers et al. 1995). The results of this study reported average

concentrations of 0.0010, 0.0027, 0.0030, and 0.B®P IRU +/ DQG -HCH isomers,

respectively, in 243 readyp-eat foods. HCH isomers were also detected in the following feed types

formulated for infants and toddlers and in adult diet foodstuffs: whole milk and other dairy products;

meat, fish, ad poultry; oils and fats; vegetables; and sugars and adjuncts (Gartrell et al. 1986a, 1986b).

-HCH residues were detected in fat samples of domestic farm animals collected in Ontario, Canada, in
1986-1988. Mean concentrations in fat from chickens, turkeys, beef, lamb, and pork ranged from

0.012 to 0.032 ppm; the mean concentration in hen egg6.@@8ppm (Frank et al. 1990). A pesticide



HEXACHLOROCYCLOHEXANE (HCH) 271

5. POTENTIAL FOR HUMAN EXPOSURE

Table 5-10. Soil and Sediment Monitoring Data for Hexachlorocyclohexanes (HCHS)

Geographic
Locations type Date(s) Range? Mean? Notes Reference
a-HCH
Alabama Soll Not 0— Detected in 26 of 39 soils from Harner et al. 1999
reported 0.269 pg/kg 6 regions
(1999 or
earlier)
Sequoia National Park, Rocky Sediment core 2003— <0.8 ug/kg Not detected Genualdi et al. 2011

Mountain National Park, Mt.  from deepest 2005
Rainier National Park, Denali point in several
National Park, Noatak lakes

National Preserve, and Gates

of the Arctic National Park

and Preserve

United States Soil and 1978-2006 4.0x105- 3.0 ug/kg Detected in 8% of 9,360 samples WQP 2023°
sediment 879 pg/kg

United States Soil and 2020-2021 ND Not detected in 178 samples; no  WQP 2023°
sediment data reported for 2022—2023°¢

United States Soil and 1991-2006 0.14- 0.59 ug/kg  Detected in 2% of 335 samples ~ WQP 2023°
sediment at 1.8 pag/kg
Lower
Duwamish
Waterway
Superfund Site

United States Soil/sediment 1997-2006 0.00238- 1.6 pg/kg Detected in 15% of 1,772 samples WQP 2023°
at Portland 120 pg/kg
Harbor
Superfund Site

United States Soil at Delta 2004 ND Not detected in 7 samples WQP 2023
400 West
Plume
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Table 5-10. Soil and Sediment Monitoring Data for Hexachlorocyclohexanes (HCHS)

Geographic
Locations type Date(s) Range? Mean? Notes Reference
B-HCH
United States Soil and 1983-2006 4.0x10°- 18 pg/kg Detected in 8% of 8,106 samples WQP 2023°
sediment 4,230 pg/kg
United States Soil and 2020 0.032—- 0.17 pg/kg  Detected in 4% of 142 samples WQP 2023
sediment 0.39 ug/kg
United States Soil and 2021 ND Not detected in 8 samples; no WQP 2023
sediment data reported for 2022—-2023°¢
United States Soil and 1991-2006 0.087— 4.1 pg/kg Detected in 1% of 327 samples WQP 2023
sediment at 13 pg/kg
Lower
Duwamish
Waterway
Superfund Site
United States Soil/sediment 1997-2006 0.00138- 3.9 ug/kg Detected in 42% of 1,819 samples WQP 2023
at Portland 318 pg/kg
Harbor
Superfund Site
United States Soil at Delta 2004 ND Not detected in 7 samples WQP 2023
400 West
Plume
y-HCH
Alabama, Arkansas, Georgia, Soil Not 10- 52 pg/kg Crockett et al. 1974
lllinois, lowa reported 150 pg/kg
(1974 or
earlier)
Alabama Soil Not 0-1.07 pg/kg Detected in 26 of 39 soils from Harner et al. 1999
reported 6 regions
(1999 or

earlier)




HEXACHLOROCYCLOHEXANE (HCH) 273

5. POTENTIAL FOR HUMAN EXPOSURE

Table 5-10. Soil and Sediment Monitoring Data for Hexachlorocyclohexanes (HCHS)

Geographic
Locations type Date(s) Range? Mean? Notes Reference
Niagara River Suspended Not 2 pg/kg Detection frequency 33% Kuntz and Warry 1983
sediment reported
(1983 or
earlier)
Lake Ontario Settling 1982 2.4 ug/kg Oliver and Charlton
particulates 1984
James River, Virginia Creek 1976 7.3—- Saleh et al. 1978
sediments 8.5 ng/kg
Gulf of Mexico Sediment 1987 <0.02- 0.07 pg’/kg  Detection frequency 19% Sericano et al. 1990
1.74 pg/kg
Around the Great Lakes Sediment May 1989 <0.10- Verbrugge et al. 1991
0.99 pg/kg
wet weight
Indian River Lagoon, Florida Sediment from Not 9.4— 33 sediment samples from Wang et al. 1992
impoundments reported 34.4 pg/kg 11 impoundment
along the river (1992 or
earlier)
0-HCH
United States Soil and 1983-2006 0.0078— 3.4 ug/kg Detected in 6% of 5,747 samples WQP 2023°
sediment 89.8 ug/kg
United States Soil and 2020-2021 ND Not detected in 162 samples; no  WQP 2023°
sediment data reported for 2022—2023°¢
United States Soil and 1991-2006 0.081- 160 pg/kg Detected in 3% of 254 samples ~ WQP 2023°
sediment at 1,100 pg/kg
Lower
Duwamish
Waterway
Superfund Site
United States Soil/sediment 1997-2006 0.00216— 1.3 pg/kg Detected in 9% of 1,797 samples WQP 2023°
at Portland 45.4 ug/kg
Harbor

Superfund Site
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Table 5-10. Soil and Sediment Monitoring Data for Hexachlorocyclohexanes (HCHS)

274

Geographic
Locations type Date(s) Range? Mean? Notes Reference
United States Soil at Delta 2004 ND Not detected in 7 samples WQP 2023
400 West
Plume
HCH, mixture
South Carolina 0-10 cm November 0.1-0.54 0.27 pg’kg  Reported as sum of a-, -, and Kannan et al. 2003
surface soils 1999 pg/kg dry dry weight  y-isomers; not detected
from cotton weight (<0.1 pg/kg dry weight) in 10 of
fields 16 samples; mean and ranges do
not reflect samples reported as not
detected/below detection limit
Georgia 0-10 cm December 0.16- 0.33 pg/kg  Reported as sum of a-, B-, and Kannan et al. 2003
surface soils 1999 0.49 ug/kg  dry weight  y-isomers; not detected
from cotton dry weight (<0.1 pg/kg dry weight) in 14 of
fields 16 samples; mean and ranges do
not reflect samples reported as not
detected/below detection limit
United States Sediment 2017 0.47- 0.75 pg/kg  HCH isomer or mixture not WQP 2023
1.26 pg/kg specified; detected in 19% of

42 samples

asSolid unit conversion: 1 pg/kg = 1 ppb.

bData collected by USGS monitoring stations across the United States; mean and ranges do not reflect samples reported as not detected/below detection limit.
¢As of July 2023.

ND = not detected; USGS = U.S. Geological Survey
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Table 5-11. Organism Monitoring Data for Hexachlorocyclohexanes (HCHSs)
Locations Species Date(s) Range* Mean? Notes Reference
a-HCH
Southwestern and Freshwater Fish 1980- 0.03- Highest concentrations detected  Schmitt et al.
Midwestern United 1981 0.04 ng/g from 107 monitoring stations 1985
States across the United States
United States Freshwater fish 1984 NR- <10 ng/g Schmitt et al.
10 ng/g 1990
Louisiana section of Blue crab, cobia, flathead 1990- ND Watanabe et
the Mississippi River catfish, freshwater drum, long- 1994 al. 2003
nose gar, red drum, red snapper,
river shrimp, small-mouth
buffalo, spotted gar
Louisiana section of Bigmouth buffalo 1990- 2.4 nglg Average detection in 1 of Watanabe et
the Mississippi River 1994 3 sampling years; not detected in al. 2003
other years
Louisiana section of Blue catfish 1990- 0.333- Range of average detections in  Watanabe et
the Mississippi River 1994 26.3 ng/g 3 of 4 sampling years; not al. 2003
detected in other years
Louisiana section of Carp 1990- 31.1 ng/g Range of average detections in  Watanabe et
the Mississippi River 1994 3 of 4 sampling years; not al. 2003
detected in other years
Louisiana section of Channel catfish 1990- 1.83- Range of average detections in  Watanabe et
the Mississippi River 1994 7.23 ng/g 2 of 3 sampling years; not al. 2003
detected in other years
Louisiana section of Crawfish 1990- 4.25 nglg Average detection in 1 of Watanabe et
the Mississippi River 1994 1 sampling years al. 2003
Louisiana section of Largemouth bass 1990- 1.00 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 2 sampling years; not detected in al. 2003
other years
Louisiana section of Striped bass 1990- 2.88 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 2 sampling years; not detected in al. 2003

other years
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Table 5-11. Organism Monitoring Data for Hexachlorocyclohexanes (HCHSs)

Locations Species Date(s) Range* Mean? Notes Reference
Louisiana section of White bass 1990- 1.44 ngl/g Average detection in 1 of Watanabe et
the Mississippi River 1994 3 sampling years; not detected in al. 2003
other years
Louisiana section of White crappie 1990- 1.75 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 3 sampling years; not detected in al. 2003
other years
Southwestern Adult green frogs 1998 0.02 ng/g 0.04 ppb detected in juvenile Gilliland et al.
Michigan frogs 2001
Gulf of California Clams (Chione californiensis) Not <0.005- Detection frequency 16.7% in 1 of Vargas-
reported 1.77 ng/g 3 study areas, not detected in Gonzalez et
(2015 or wet weight other areas; adipose tissue al. 2016
earlier) samples; surrounding area has
primarily agricultural activity
Lake Apopka, Florida Largemouth bass (Micropterus  March ND Limit of quantification 0.1— Dang et al.
salmoides) 2013 0.5 ng/g wet weight 2016
United States Freshwater fish 2020- ND Not detected in 253 samples; no WQP 2023¢
2022 data reported for 2023°
B-HCH
Upper Steele Bayou, Fish 1988 ND- Ford and Hill
Mississippi 20 ng/g 1991
wet weight
Upper Steele Bayou, Snakes 1988 ND Ford and Hill
Mississippi 1991
Southwestern Adult green frogs 1998 0.01 ng/g Not detected in juvenile frogs Gilliland et al.
Michigan 2001
Louisiana section of Cobia, long-nose gar, red drum, 1990- ND Watanabe et
the Mississippi River red snapper 1994 al. 2003
Louisiana section of Bigmouth buffalo 1990- 2.25— Range of average detection in Watanabe et
the Mississippi River 1994 11.2 ng/g 3 of 3 sampling years al. 2003
Louisiana section of Blue catfish 1990- 3.67— Range of average detection in Watanabe et
the Mississippi River 1994 8.33 ng/g 3 of 4 sampling years; not al. 2003

detected in other year
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Table 5-11. Organism Monitoring Data for Hexachlorocyclohexanes (HCHSs)

Locations Species Date(s) Range* Mean? Notes Reference
Louisiana section of Blue crab 1990- 4.00- Range of average detections in ~ Watanabe et
the Mississippi River 1994 11.0 ng/g 2 of 2 sampling years al. 2003
Louisiana section of Carp 1990- 5.00- Range of average detections in ~ Watanabe et
the Mississippi River 1994 11.3 ng/g 2 of 3 sampling years; not al. 2003
detected in other years
Louisiana section of Channel catfish 1990- 0.333- Range of average detections in ~ Watanabe et
the Mississippi River 1994 7.77 ng/g 3 of 4 sampling years; not al. 2003
detected in other years
Louisiana section of Crawfish 1990- 27.5 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 1 sampling years al. 2003
Louisiana section of Flathead catfish 1990- 0.500 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 1 sampling years al. 2003
Louisiana section of Freshwater drum 1990- 0.333 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 1 sampling years al. 2003
Louisiana section of Largemouth bass 1990- 2.00 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 2 sampling years; not detected in al. 2003
other year
Louisiana section of River shrimp 1990- 8.67 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 1 sampling years al. 2003
Louisiana section of Small-mouth buffalo 1990- 0.25- Range of average detection in Watanabe et
the Mississippi River 1994 2.00 ng/g 3 of 4 sampling years; not al. 2003
detected in other years
Louisiana section of Spotted gar 1990- 39.0 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 1 sampling years al. 2003
Louisiana section of Striped bass 1990- 5.50- Range of average detection in Watanabe et
the Mississippi River 1994 57.9 ng/g 2 of 2 sampling years al. 2003
Louisiana section of White bass 1990- 3.11 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 3 sampling years; not detected in al. 2003
other years
Louisiana section of White crappie 1990- 1.00- Range of average detection in Watanabe et
the Mississippi River 1994 11.0 ng/g 2 of 3 sampling years; not al. 2003

detected in other years
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Table 5-11. Organism Monitoring Data for Hexachlorocyclohexanes (HCHSs)

Locations Species Date(s) Range* Mean? Notes Reference
Gulf of California Clams (C. californiensis) Not ND Limit of detection 0.01 ng/g wet  Vargas-
reported weight Gonzalez et
(2015 or Adipose tissue samples; al. 2016
earlier) surrounding area has primarily
agricultural activity
Lake Apopka, Florida Largemouth bass (M. salmoides) March ND Limit of quantification 0.1— Dang et al.
2013 0.5 ng/g wet weight 2016
United States Freshwater fish 2020 ND Not detected in 172 samples WQP 2023°¢
United States Freshwater fish; Oncorhynchus 2022 1.7- 1.9 ng/g Detected in 11% of 19 samples; WQP 2023°¢
kisutch 1.8 ng/g detected only in Oncorhynchus

kisutch (33% of 6 samples); no
data reported for 2021 or 2023

y-HCH
Gulf of Mexico Oyster 1987 <0.25- 1.74 ngl/g Detection frequency 80% Sericano et al.
9.06 ng/g 1990
United States Freshwater fish 1980- 0.02—- Whole body concentrations were Schmitt et al.
1981 0.03 ng/g >0.01 ng/g at 1 of 107 monitoring 1985
stations
United States Freshwater fish 1984 NR— <10 ng/g Schmitt et al.
40 ng/g 1990
Southwestern Adult green frogs 1998 0.07 ng/g Not detected in juvenile frogs Gilliland et al.
Michigan 2001
Louisiana section of Blue crab, channel catfish, 1990- Not detected Watanabe et
the Mississippi River cobia, crawfish, flathead catfish, 1994 al. 2003
freshwater drum, long-nose gar,
red drum
Louisiana section of Bigmouth buffalo 1990- 1.00- Range of average detection in Watanabe et
the Mississippi River 1994 1.80 ng/g 2 of 3 sampling years; not al. 2003
detected in other year
Louisiana section of Blue catfish 1990- 2.25—- Range of average detection in Watanabe et
the Mississippi River 1994 26.5 ng/g 3 of 4 sampling years; not al. 2003

detected in other year
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Table 5-11. Organism Monitoring Data for Hexachlorocyclohexanes (HCHSs)
Locations Species Date(s) Range* Mean? Notes Reference
Louisiana section of Carp 1990- 0.714— Range of average detections in ~ Watanabe et
the Mississippi River 1994 5.00 ng/g 2 of 3 sampling years; not al. 2003
detected in other years
Louisiana section of Largemouth bass 1990- 1.00 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 2 sampling years; not detected in al. 2003
other year
Louisiana section of Red snapper 1990- 0.333 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 1 sampling years al. 2003
Louisiana section of River shrimp 1990- 1.67 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 1 sampling years al. 2003
Louisiana section of Small-mouth buffalo 1990- 0.250- Range of average detection in Watanabe et
the Mississippi River 1994 7.00 ng/g 4 of 4 sampling years al. 2003
Louisiana section of Spotted gar 1990- 857 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 1 sampling years al. 2003
Louisiana section of Striped bass 1990- 0.500- Range of average detection in Watanabe et
the Mississippi River 1994 1.25 ng/g 2 of 2 sampling years al. 2003
Louisiana section of White bass 1990- 7.56 ng/g Average detection in 1 of Watanabe et
the Mississippi River 1994 3 sampling years; not detected in al. 2003
other years
Louisiana section of White crappie 1990- 0.750- Range of average detection in Watanabe et
the Mississippi River 1994 1.20 ng/g 2 of 3 sampling years; not al. 2003
detected in other years
Gulf of California Clams (C. californiensis) Not Not detected Limit of detection 0.005 ng/g wet Vargas-
reported weight; adipose tissue samples; Gonzalez et
(2015 or surrounding area has primarily al. 2016

earlier)

agricultural activity
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Table 5-11. Organism Monitoring Data for Hexachlorocyclohexanes (HCHSs)

Locations Species Date(s) Range* Mean? Notes Reference
Lake Apopka, Florida Largemouth bass (M. salmoides) March 0.8 ng/g wet 117.8 ng/g lipid (gastrointestinal Dang et al.
2013 weight tract) 2016
(gastrointestinal 29.4 ng/g lipid (liver)
tract) 742.6 ng/g lipid (kidney)

1.6 ng/g wet 102.0 ng/g lipid (spleen)
weight (liver) 144.1 ng/g lipid (brain)
2.6 ng/g wet 77.6 ng/g lipid (gonad)
weight (kidney) 125.2 ng/g lipid (muscle)

0.8 ng/g wet
weight (spleen)
4.8 ng/g wet
weight (brain)
1.8 ng/g wet
weight (gonad)
1.3 ng/g wet
weight (muscle)
0-HCH
Southwestern Adult green frogs 1998 0.03 ng/g Not detected in juvenile frogs Gilliland et al.
Michigan 2001
Gulf of California Clams (C. californiensis) Not <0.01- Detection frequency 16.7% in 1 of Vargas-
reported 1.97 ng/g 3 study areas, not detected in Gonzalez et
(2015 or wet weight other areas; adipose tissue al. 2016
earlier) samples; surrounding area has
primarily agricultural activity
Lake Apopka, Florida Largemouth bass (M. salmoides) March Not detected Limit of quantification 0.1— Dang et al.
2013 0.5 ng/g wet weight 2016
United States Freshwater fish 2020 ND Not detected in 191 samples; no WQP 2023¢

data reported for 2022—2023°

a0rganism concentration unit conversion: 1 ng/g = 1 ppb.
bAs of June 2023.
¢Data collected by USGS monitoring stations across the United States; mean and ranges do not reflect samples reported as not detected/below detection limit.

Not detected; NR = not reported; USGS = U.S. Geological Survey
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residue screening program carried out by the H.E.B. Food Stores of San Antonio between 1989 and 1991
GHWHFWHG -HCH in 4 of 429 onion samples (detection limit 0.02 ppm); however, none of the positive

samples exceeded the action level for this commodity (Schattenberg and Hsu #992).was detected

DW OHYHOV RI'” SSP LQ RXW RI IUXLW DQG YHIJHWDEOH FRPI

IHLGHUW DQG 6DVFKHQPBEQIGFMNEM were detected in butter samples from the

United States at mean levels of 0.38, 0.42, and Ppi8 respectively (Kalantzi et al. 2001). HCH

isomers were also detected in butter samples frootl#& countries, with the highest levels being

observed in a single butter sample from India with reported conFHQWUDWLRQV RI -, DQG
-, D QGICH, respectively (Kalantzi et al. 2001).

Based on the most recent pesticide residue monitoring results published by the FDA from 2018, no
-HCH residues were detected on food products produced in or imported to the United States (FDA

2020a) The products sampled were broadly encompassing of domestic and imported food and

agricultural commodities, and included fruits, vegetables, grains, beans, nuts, honey, milk, and meat,

amongst many other categories.re&sent study, however, detected averages of S S-HCH and

0.77 S S EHCH in tobacco products (n=26igarettes from one pack were pooled for analysis) purchased

in the United States (Quadroni and Bettinetti 2018)s unclear if these products were domestic or

imported.

Strategies exist to reduce pesticide residues on food produeiSH residues on tomatoes decreased by
23.9% 15 days after application of the pesticide (from 0.11@58.1488pm). Processing the tomatoes

(e.g., pureeing, making tomato juice) reduced the residue levels by 100% after the waiting period;
however, waking the tomatoes reduced the residues by up to 55.9% (Bessar et al. 1991). An analysis of
pesticide residues in green coffee and after roasting indicated that tegattHCH was founahi

green coffee at concentrations ranging from <0100&204ppm. However, storage and roasting reduced
the pesticide residues by-8¥% and up to 98%, respectively, with darker roasting resulting in the

greatest reduction (McCarthy et al. 1992).

5.6 GENERAL POPULATION EXPOSURE

Exposure of the general population to HCH has declined stesiddy its use as a pesticide was

discontinued. + X P D Q H[ S R-M&HUrkhyWeBult from environmental exposures to contaminated

water or soil, or possible ingestion of small amounts in drinking water. + LVWRULFD @@t -HCH and it
SHUVLVWH Q WHEH N2 BdRiOdeWwdied in blood, adipose tissue, and breastBagdkd on the
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PRVW UHFHQW 8 6 SR3XODWIHRGQHVUBPOWYHN\QR ORQJHCHEHIWHFWHG LQ
(CDC2019) TKLV LV FRQVLVWHQW ZLWK WKH GHFUHDVHG JHQHUDO SRS
MHGLFLQDO H[SRVXUH WR -HCH can occur from prescription scal@aalgss lide treatments. A
data from 238 families in Missouri between June 1989 and March 1990 indicated that 9.2% of the
IDPLOLHVY UHSRUWHG XVLQJ .ZHOO VKDPSRR FRQWDLQV .-HCH) forlice c
In general, accidental or intentional ingestion of these products would lead to the highest exposures.

Worker exposure constitutes the next highest exposure population, although worker exposure is

decreasing in both the number of workers exposed and the levels of exposure. Lastly, the general
SRSXODWLRQ UHFHLYHYVY WKH ORZHVW OHYHOV ZKLFK RFFXU PDLQ(
UHVLGXHYV /ILYLQJ QHDU D ZDVWH GLVSRVDO VLWH FRQWDPLQDWH

exposure.

Ingestion of food containing pesticide residue, historically a significant route of exposure, is no longer
expected to be a likely route of non-PHGLFLQ DO KXFHZR. B studigdtondircted
between 1982 and -HCH was detected in4% of the foods collected in eight market basket
surveys from different regions of the United States (Gunderson 19883 1995b) The most recent
results of this survey reported no detections (limit of detecticr2B4pb) in foods surveyed in 2017 for
- - - RACH (FDA 2020b). -HCH was also not detected in domestic or imported food products
in the United States by the FDA (FDA 2020#&)oods representative of consumption patterns by eight
infant and adult population groups were prepared for consumption prior to analysis in a revision to FDA's
7TRWDO 'LHW 6WXGLHVY PHWKRGRORJ\ 7KH HVWLPDWHG,PHDQ GDLO
D Q-GICH for these groups continuously decreased between all study periods1(2%8219841986,
and 19861991) From 19860 GDLO\ LQWDNHY UDQJHG |URHH, weve Rl QJ NJ
QJ NJ Gb*&RUDQG UDQJHG IURP WRH (Guri@idrshinl198@M993R U
E $Q HVWLPDWHG -HCH daily dietary intake based on 2003 FDA pesticide residue monitori
for fruits and vegetables was determined to be trace only for domestic produce and 0.00754 ng/kg/day for
imported produce (Katz and Winter 2009)/hile HCH isomers have been previously detected in
freshwater fish, lindane was not detected (<0.25 ng/mL) in the serum of Detroit area anglers who
consumed their catels, in 2013 (Wattigney et al. 2022). B H FBI&W &hd its isomers were not
detected in most recently available food monitoring data, current daily intake can be assumed to be

negligible.

$ VPDOO GHJUHH RI H[SRVXUH WR -HCH from drinkingrnaadeH@ByHaegossible.

been detected in recent surface water samples, although these may not represent drinking water sources



HEXACHLOROCYCLOHEXANE (HCH) 283

5. POTENTIAL FOR HUMAN EXPOSURE

(WQP 2023. -HCH was detected in drinking water samples collected for the 1998 to 2005-{#Eak 6
review of drinking water quality (EPA 2010Pata for HCH were not reported for the most recent
available period, 206€011.

Contaminated soils, which have been sampled as recently As28y present another exposure pathway

(WQP 2023. Sudies in which soils containing1l0 SSP UDGLRODEHOHG -HCH were added to hum
samples at quantities that exceeded monolayer coveragg $6il/cnt VNLQ GHPRQVWUDWHG PHD
absorptions of 1.04% from sandy soils and 1.64% from silt soils (Duff and Kissel 1996). However, data

from soil absorption studies can vary due to factors such as the amount of soil added to skin, exposure

time, and possible evaporation of the contaminant.

The results of biomonitoring studies can be used as indicators of human exposures to HCH. The National

+XPDQ $GLSRVH 7LVVXH 6XUYH\ 1+$76 FRIQH(KEMOBL @Grelzalent VKRZHG

HCH isomer in fatty tissue) was detected in 87% ofdfiposite samples at concentrations<19

570ng/g (ppb) (EPA 1986). It was detected most often in postmortem samples collected from individuals

from the southern United States. In another survey conducted in 1970—HCH was detected in

>90% of the postmortem human adipose tissue samples at an average leveipid @00tz et al. 1979).

In a review of the NHATS data available from 1970 to 1983, EPA (1985c) reported that the estimated
QDWLRQDO P HEIHMWAs 80bpls, th@omdarison to the historic level of Jgib. The

median level hadecreased over time, but the compound continued to be detected in nearly 100% of the

population surveyed. Median levels were highest in the South census region and tended to increase with

age but had not been found to differ across the sexes or racial groups. A further analysis of the NHATS

GDWD LQGLFDWHG WKDW DYHUDJH -HCH concentrations in fat had decreased from 0.45

approximately 0.16 ppm since 1981 (Kutz et al. 199f)a similar study in Japan, levels of HCHs in the

adipose tissue of Japanese males increased from the late 1940s to 1966, coinciding with an increased

annual production of HCH, and began dropping when HCHs were banned in 1971, with only the only the

more pHUVLVWHQW -HCH isomer detected after 1974 (Loggnditeme et adijo83 tissue

concentrations in the United States were not located, but the trend towards lower concentrations may have

FRQWLQXHG IROORZLQJ WHKH aSd pestiBd@WLQXHG XVH R

$ FRPSDULVRQ RI W®&@GCH lihYhd @holeblood and biopsy fat of 25 patients showed
median levels of &.04ng/g (maximum, <0.04 ngfgOD]) and 0.1g/g (maximum, 2.60 ng/g) for the
blood and 1.hg/g (maximum, 9.6 ng/g) and 18.0 ng/g (maximum, 748.6 ng/qg) for the fat tissue,
UHVSHFWLYHO\ OHYV $ IMAHWeYels bh HrdadnBkxodladipoQe fissue
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samples was made for populations living near the Great Lakes (Canada only) and in other Canadian
UHJLRQV -H@HH&€)s in breast milk (0.8g/g, n=70 samples) and adipose tissue (23.4 ng/qg,
n=16 sampléswere lower near the Great Lakes than in other parts of Canada£8G5 samples] and
30.8ng/g[n=90 samples]respectively) (Mes and Malcolm 1992). In addition, studies indicate that
-HCH can also be present in breaslik at a previously reported average level of 0.006 ppm in Alberta,
Canada (Currie et al. 1979). In a study ofi6@ors of breasnilk in Oahu, Hawaii, Takahashi et al.
(1981) demonstrated HCH in 82% of the samples at a mean level of 81 ppb within a rartROpHd--

expressed in terms of extractable lipid.

-HCH was one of the most frequently detected pesticides in the blood of Virginia residents, although the
QXPEHU RI LQGLYLGXDOVYVY VDPSOHG ZDV QRVWHQHDHWQWLILHG *ULIILW
concentrations were the highest in residents of the middle age gro@® (#dars). Some of the
| UHT X H @ H RBdcurrence in the state was attributed to its common use in commercial vaporizers
and its presence in cigarette smoke (Griffith and Blanke 1975). NHANES analyzed blood and urine
specimens forthe pre VHQFH RI +&+ LVRPHUYV -HCH was detected in approximately 13.9% of
U.S.population (1274 years) in the Northeast, Midwest, and South. The median level for the 91%
guantifiable positive results was Jppb (Murphy and Harvey 1985).

In a more recent study (1998300) of pesticide serum concentrations in pregnant Latina women living in

DQ DJULFXOWXUDO FRPPXQLW\ LQ &DOLIRUQLD -RGCHaLDQ VHUXP OH
1.1QJ J OLSLG (BRddmaH@tal. 2007)TKH PHGLDQ VHUXP FRQFHQWUDWLRQ RI
lipid in 48 mothers enrolled in the California Childhood Leukemia Study in ZI&-(Whitehead et al.
2015). Maternal and blood cord samples were collected predominantly from Latina women, who were in
their second or third trimester of pregnancy, as part of a study from October 2010 to June 2011 in San
Francisco, CaliforniaSixty-seven percent of maternal blood samples were above the method detection
limit IRU -HCH (5 ng/L wet weigttt.005 ng/g wet weight The lipid adjusted median cord:maternal
serum ratio was 1.0, suggesting equivalent exposures for the fetus and the mother. (Morello-Frosch et al.
2016). In another study of 10 whole blood samples obtained from a blood donation center in Palo Alto,
CalLIRUQLD .-+&+ ZDV GHWHFW HECH W@Eré&datect®iDnFe8% of Yamplds, @il /

-HCH was detected in 80% of samples. Whole blood concentrations were@82#, 0.544%.15,
0.250-9.694,and 0.550- QJ J-IRU - D®ICGH/respectively (Hao et al. 2020Because

HCH is persistent and can be transported long distances, its isomers have been detected in peoples living
near the Arctic Circleln 2019, -HCH was detected in 59% of plasma samples (n = 54) from people in

Old Crow, Canada, which is predominantly Vuntut Gwitchin First Natieople (Drysdale et al. 2021).
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The geometric mean was below the detection limit (0.01 ng/L or 9%xg/@) with a 98 percentile of
8.3x10° ng/g (0.085 ng/L; 13,000 ng/g lipid adjusted)HCH was not detected (Drysdale et al. 2021).

The Centers for Disease Control and Prevention (CDC) completed its Fourth National Report on Human
Exposure to Environmental Chemicals that was derived from data obtained from NHANES (CDC 2019).
The first reporbn 27chemicals was issued in March 2001. This fourth repelgased in January 2019,
presents blood and urine levels of environmental chemicals from a sample of people who represent the
noninstitutionalized, civilian U.S. population during/@ar study periods over 1998016. Lipid serum

levH O V- &t -HCH from the most recent available study pesj@D15-2016 and 20112012,

respectively, are summarized in Tabl&2. Serum monitoring was not conducted in the following
NHANES study periods.

Table 5-12. Geometric Mean of the Serum Concentration (ng/g) of B-Hexachloro -
cyclohexane (B-HCH) (2015-2016) and y-Hexachlorocyclohexane ( y-HCH) (2011—
2012) in the U.S. Population

Population group (sex, age) Geometric mean Unadjusted standard error Sample size (pools)?
B-HCH
Non-Hispanic white

Male, 12—19 years NAP NA 7
Male, 20-39 years NA NA 10
Male, 40-59 years 0.012 0.001 10
Male, =60 years 0.03 0.004 14
Female, 12-19 years NA NA 5
Female, 20-39 years NA NA 11
Female, 40-59 years 0.015 0.002 9
Female, 260 years 0.095 0.026 13
Non-Hispanic black
Male, 12-19 years NA NA 5
Male, 20-39 years NA NA 7
Male, 40-59 years 0.013 0.002 7
Male, =60 years 0.017 0.001 7
Female, 12-19 years NA NA 4
Female, 20-39 years NA NA 9
Female, 40-59 years 0.018 0.002 12

Female, 260 years 0.095 0.014 7
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Table 5-12. Geometric Mean of the Serum Concentration (ng/g) of B-Hexachloro -
cyclohexane (B-HCH) (2015-2016) and y-Hexachlorocyclohexane ( y-HCH) (2011-

2012) in the U.S. Population

Population group (sex, age) Geometric mean Unadjusted standard error Sample size (pools)?

Mexican American

Male, 12-19 years NA NA 6
Male, 20-39 years 0.011 0.002 7
Male, 40-59 years 0.027 0.005 4
Male, 260 years 0.058 0.01 5
Female, 12-19 years NA NA 5
Female, 20-39 years 0.016 0.003 6
Female, 40-59 years 0.055 0.006 8
Female, 260 years 0.16 0.037 7
All Hispanic
Male, 12-19 years NA NA 9
Male, 20-39 years 8.86 1.79 11
Male, 40-59 years 17.6 3.9 9
Male, 260 years 81.2 13 9
Female, 12-19 years NA NA 8
Female, 20-39 years 11.9 2 11
Female, 40-59 years 525 5.3 13
Female, 260 years 135 22 13
Asian
Male, 12-19 years 0.058 0.015 3
Male, 20-39 years 0.391¢ 0.127 5
Male, 40-59 years 0.488 0.114 4
Male, =60 years 0.805 0.108 3
Female, 12-19 years 0.056 0.007 3
Female, 20-39 years 0.496° 0.225 4
Female, 40-59 years 0.166° 0.078 5
Female, 260 years 1.2 0.11 3
y-HCH
Non-Hispanic white
Male, 12-19 years NA NA 6
Male, 20-39 years NA NA 12
Male, 40-59 years NA NA 12
Male, 260 years NA NA 12
Female, 12-19 years NA NA 5
Female, 20-39 years NA NA 13
Female, 40-59 years NA NA 11
Female, 260 years NA NA 14
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Table 5-12. Geometric Mean of the Serum Concentration (ng/g) of B-Hexachloro -
cyclohexane (B-HCH) (2015-2016) and y-Hexachlorocyclohexane ( y-HCH) (2011-
2012) in the U.S. Population

Population group (sex, age) Geometric mean Unadjusted standard error Sample size (pools)?

Non-Hispanic black

Male, 12-19 years NA NA 7
Male, 20-39 years NA NA 9
Male, 40-59 years NA NA 7
Male, 260 years NA NA 9
Female, 12-19 years NA NA 6
Female, 20-39 years NA NA 8
Female, 40-59 years NA NA 8
Female, 260 years NA NA 8
Mexican American
Male, 12-19 years NA NA 5
Male, 20-39 years NA NA 4
Male, 40-59 years NA NA 4
Male, 260 years NA NA 2
Female, 12-19 years NA NA 4
Female, 20-39 years NA NA 4
Female, 40-59 years NA NA 3
Female, 260 years NA NA 3
All Hispanic
Male, 12-19 years NA NA 7
Male, 20-39 years NA NA 8
Male, 40-59 years NA NA 7
Male, 260 years NA NA 6
Female, 12—-19 years NA NA 7
Female, 20-39 years NA NA 8
Female, 40-59 years NA NA 7
Female, 260 years NA NA 7
Asian
Male, 12-19 years NA NA 3
Male, 20-39 years NA NA 6
Male, 40-59 years NA NA 6
Male, 260 years NA NA 4
Female, 12—-19 years NA NA 4
Female, 20-39 years NA NA 6
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Table 5-12. Geometric Mean of the Serum Concentration (ng/g) of B-Hexachloro -
cyclohexane (B-HCH) (2015-2016) and y-Hexachlorocyclohexane ( y-HCH) (2011-
2012) in the U.S. Population

Population group (sex, age) Geometric mean Unadjusted standard error Sample size (pools)?
Female, 40-59 years NA NA 6
Female, 260 years NA NA 3

a8Each pool contained serum from eight people.

PNA = not available; proportion of results below limit of detection (1.3 ng/g lipid for B-HCH and 0.92 ng/g lipid for
y-HCH) was too high to provide a valid result.

¢Standard error of the mean is >30%.

aSource: CDC 2019

JDFWRUV VXFK DV DJH GLHWDU\ KDELWV DQGHCHWIlexpbs€®dFH FDQ LQI
individuals In one study, it was shown that women between the ages of 26 and 34 years who lived in a
UXUDO DUHD RI ,QGLD DQG ZHUH QRQYHJHWDHQHXIQNVOMEHQGHG WR V
Indian women who lived in an urban area or who were vegetarians ¢Seixeh 1981a). The higher

OHYHOV RI1 -HCH in women at aheddegddle suggest that a longer life span may cause a

greater accumulation of pesticide in the body. Higher pesticide levels were found in mutton, eggs, and
FKLFNHQ ZKLFK DUH FRPPRQ LQ QRQYHJHWDULDQ PHDOV WKHUHII
in the bodies of nonvegetarians. In another study, when corrected for age and BMI, vegans had an almost
statistically significantly lowerg=0.076) mean-HCH plasma concentratipnot adjusted for lipidg¢han

omnivores MH D Q -HCH plasma concentrations were 6.151 ng/g lipid for vegans and 5.720 ng/g lipid

for omnivores (Arguin et al. 2010). ,Q D VWXG\ RI| KDL UHEHDWaS @etédted in sanpled

IURP SHRSOH ZKR ZRUNHG DV SHYVWCH Wwé&sldetockes @ kdnipldsRan D QG QJ
people who lived close to farms in Atlanta, Georditir collected from people in Houston, Texas,
UHSUHVHQWLQJ XUEDQ HQYLURQ PHCH de2@edH $RiHEBAReUaAd JaIBG QJ J
2011). The study authors did not suggest an explanation for the higher levels in the samples from
environmentally exposed persons in Houston, Teraspared with levels in pesticide applicators in

Atlanta Georgia; however, the sample sizes were very small (@pgHicators and eiglgach

environmentally exposed persons in Atlanta and Houston). In addition, the ages of the volunteers from

whom hair samples were collected were not reported, and hair from older individuals could have higher
accumulation of -HCHFurtherthere was ninformation on whether any volunteers had previous

exposure to-HCH applied to the scalfor treatment of lice
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A study conducted in Colorado indicated, in general, that no quantitative relationships were demonstrated
EHWZHHQ SHVWLFLGH OHYHOV LQ KRXVHKROG GXVW DQG SHVWLFL:
blood sera in a pesticide formulator (16.8 ngfy]) his wife (5ng/g) were found to be elevated in a

household in which dust levels measured 533 J 6WDUU HW DO ,W LV SRVVLEO|
in the wife's blood and in the household came from the clothes and person of the pesticide formulator.

The Nonoccupational Pesticide Exposure Study (NOPES) conducted by EPA was based on the Total
Exposure Assessment Methodology (TEAM) approach to exposure estimation. NOPES was designed to
provide estimates of nonoccupational exposure to 32 householddessiicthe United States. Samples

were collected at two locations: (1) Jacksonville, Florida, an area representative of high pesticide usage;
and (2)Springfield/Chicopee, Massachusetts, an area of lemederate pesticide usage. Detectable

levels of -HCH were found in the personal air samples 6f7/826 of the Jacksonville sample population;

the range of mean concentrations in the air samples+@22srig/ni. For the Springfield population,

G HWHFW D E eHaHavery fdudd/inérsonal air samples collected freft086 of the population,

with mean concentrations of 8Fng/n? (EPA 1990).

5.7 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES

The populations with the most potential for chredicationexposure to HCH are workers who work at
IDFLOLWLHY WKDW SUR&XFH[SRWMFAHVRI RMRKKXMVMHQHUDO SRSXODWLR
ORZ EHFDXVH IHGHUDO UHJXODWLRQV OLP{MH QdvdilaBlg inksdriie KDYH WL
prescription medications (e.g., shampoos, lotions), and the possibility of exposure may arise from use of

these products. Individuals living near hazardous waste sites contaminated with HCH may also b

exposed.

Historically, the largest occupational exposures came from people who work with pesticistesly An
occupational pesticide exposure of commercial seed-treating applicators was conducted in Montana (Grey
HW DO 1R H[SRVXUH ZzDV GHWHFWDEOH RQ WKH FKHVW DQG I
hands and on the respirator pads. Work&<iR O Y H-GICH lapplication complained of nasal
LUULWDWLRQ LI WKH\ GLG QRW ZHDU D UHVSLUDWRU RU PDVN 7KH
detected in the blood serum and adipose tissue of individuals occupationally exposed to HCH in pesticide
formulation. Serum levels of <0f@pb-1 S S PHCH, <0.9ppb-0.72 S S RHCH, <0.7ppb-0.17ppm

-HCH, and 0.0020.16 S S PHCH have been detected in exposed workers (Baumann et al. 1980;

Kashyap 1986; Morgan and Lin 1978; Nigam et al. 1986). Mean adipose tissue levelsgf 5.8
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.-HCH/kg, 45.6 P J-HCH/kg, and 3.1P J -HCH/kg have also been reported in exposed workers
(Baumann et al. 1980).

A number of case reports (e.g., Bhalla and Thami 2004; Daud et al. 2010; Juan et al. 2004; Paul et al.
2013; Shah et al. 201Ramabhattat al. 2014; Wiles et al. 2015; Yu et al. 2015) have documented toxic
HITHFWV LQ KXPDQ VHEH/thrtugH &BegdiV&danmial application or accidental or

intentional ingestion of products used to treat scabies and head lice; effects observed in these studies are

described in Chapter 2.
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